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PREFACE 

The following Lessons having been designed to be 
based on practical instruction, teachers and learners 
will find it of great advantage to obtain and use 
a small collection of specimens. In a favourable 
locality the teacher may make his own collection ; 
otherwise he will do well to procure one of those 
described on pages 159-60, and accustom his pupils 
from the very beginning to familiarise their eyes 
with the specimens described in the Lessons. 

From the sah; of successive large impressions of 
this little book in this country and America, as well 
as in translations on the Continent, I am led to hope 
that its practical method has been found of service 
in education. 1 have been urged to introduce into 
these Lessons some account of the Geological Forma- 
tions and other details usually to be found in ele- 
mentary class-books. But my definite aim in ttfe 
conception and execution of the book was to present 
only as much detail as was needful to illustrate 
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methods of observation and principles of deductifi^ 
which seemed capable of being taught in an interest- 
ing way to young boys and girls. My desire is 
merely to stimulate curiosity and induce inquiry. If 
these are aroused, the learner will have no difficulty 
in finding sources of further information, and my 
object will be fully attained. For the use of more 
advanced pupils 1 have prepared a Class-Book of 
Geology. 

The present edition of this Primer has been 
thoroughly revised. 


April 1900. 
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SCIENCE PRIMERS 

GEOLOGY 

INTRODUCTORY 

1. An ordinary dwelling-house, such as those in 
which most of us live, is huilt of various materials, of 
which one is always stone. The walls, the hearths, 
the chimney-pieces, and the roofs, are commonly of 
stone, different hinds being used for each of these 
parts of the building. Thus the walls may be made 
of freestone, limestone, or brick, the hearths of flag- 
stone, the roofs of slate or tiles, the chimney-pieces 
of marble, while yet another sort of stone called 
coal is burnt in the fiieplaces. In the streets a still 
greater variety may be seen. The causeway stones 
are of one sort, those of the foot-pavement of 
another. Many diflerent ornamental kinds are made 
use of in the shops and buildings. 8o that merely by 
looking at houses and streets we may readily perceive 
that there are many different kinds of stone. 

3E 
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2. Further examination will show that the stoijes 
thus employed receive various treatment before they 
become pai t of a building. Those of the walls have 
been chipped and dressed with chisels and hammers ; 
the marble of the chimney-pieces has been cut and 
polished ; the slates have been split into thin plates. 
Some have undergone still greater changes. The 
bricks, for instance, were originally soft clay, which 
has been hardened by being baked in ovens. The 
mortar that holds the stones or bricks of the walls 
together has been obtained by burning limestone in 
kilns. The iron used in the house was first of all in 
the state of a dull red or brown stone, which had to 
be roasted and melted before the clear bright metal 
came out of it. And so, too, with the copper, brass, 
tin, and other metals, out of which so many articles 
of domestic use are made. 

3. But although stones differ in so many ways 
from each other, they agi’ee in one point — they 
come from underneath the surface of the 
ground. Hence, as they are dug out or mined, 
they are known by the general name of mineral 
substances. If we could trace luick each of them to 
the place whence it came, we should find the freestone 
and limestone to have been taken out of quarries, 
perhaps not very far away, the slates to have been cut 
out of the side of some hill, the marble to have been 
^juarried out of some distant mountain, the coal to 
have been brought up out of mines, sunk deep into 
the earth, and the bricks to have been made from 
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clay dug out of pits on some low ground, not im- 
probably in the neighbourhood. 

4. In the long-settled parts of the Old and New 
World, such, for instance, as the British Isles, the 
greater part of the surface has a green grassy cover- 
ing, even over the sides of the hills. Cornfields, 
meadows, orchards, woods and forests spread over it, 
concealing what li(‘s beneath them, as a carpet hides 
a floor. But this manth' of vegetation, with the 
soil on which it grows, is only a thin coating. One 
can easily dig through it, oi*, better still one can 
watch its removal in quan-ies, pits, railway-cuttings 
or excavations of any kind. The vegetation and its 
underlying soil form a mere outer layer, only a 
few feet thick at the most. IJnderneath them there 
alwfiys lies some kind of stoiie. So that just as in 
pulling u]) the carpet of a room we lay bare a wooden 
floor, so in peeling off* the outer skin of vegetation and 
soil from any part of the land we expose a stone floor. 

T). On this floor of stone we are walking every 
day of our lives. It stretches all ovei' the globe, 
forming the bottom of the sea and the surface of the 
land. Unlike the floors of our houses, it is very 
uneven, spreading rmt in some places into wide flat 
plains, and shooting uj) else^vhere into high, rugged 
mountains. 

G. Again, this vast woi Id-wide floor differs from 
our little wooden floors in the wonderful variety 8f 
its materials. We see only a small part of this 
variety in the various stones employed in building. 
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There is an almost endless number of other stones 
which are not in use. A builder is content if he 
can get his floors made of one uniform sort of wood 
that will last. Hut the great stone floor on which 
we are living has no such uniformity. Its varied 
materials are grouped together in the most irregular 
and changing manner, insomuch that a map of them 
all, as they are distributed over a country, somewhat 
resembles the intricate pattern of an Eastern carpet. 

7. It is to the study of this stone floor that the 
following Lessons are to be devoted — what it is 
made of, and how its diflerent parts were put 
together. At first sight, perhaps, there may seem 
to be nothing very interesting or attractive in such 
a subject. The following illustration may serve to 
show how much the character and history of a people, 
and the aspects of our everyday life are influenced 
by the varying nature and shape of the stone floor 
on which we live. 

8. Take a map of the Hiitish Islands and draw 
across it two pencilled lines. Let one of these lines 
begin at Liverpool and stretch across England, touch- 
ing Stafibrd, Birmingham, and Cambridge, to the 
sea at Harwich. Let the other run across the 
breadth of Scotland from the island of Skye to 
Montrose.^ 

9. Suppose that two foreigners, who had never 
been in the country, were to land on the west coast, 

^ A similar illustration has been used by Bucklaud, in liis 
Bridgewater Treatise. 
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and after crossing the island, each along one of the 
lines you have drawn, were afterwards to meet again 
on the Continent and compare notes as to what they 
had seen. The traveller who journeyed along the 
line from Liverpool to Harwich might report in 
some such words as these : — “ 1 am astonished at the 
flatness of Britain. I went across the whole breadth 
of the island and did not see a single undulation of 
the ground worthy of the name of a hill. Most of 
the land is wonderfully fertile, being in one part 
covered with corn-fields, in another with orchards or 
woods, while wide tracts are given up to pasture. 
The houses are built of brick. 1 saw some large 
cities crowded with people and alive with all kinds 
of industry. I noticed, too, that in some parts of 
the country a great deal of the wealth of the in- 
habitants comes from underground. In Cheshire 
they obtain large quantities of salt by pumping up 
brine from mines and borings sunk belov^ ground. 
In Staffordshire they extract coal and iron from 
numerous deep pits. But, on tlie whole, Britain 
seems to me given up to the growing of crops and 
the feeding of cattle, while a large part of the 
population is gathered into towns and cities for 
purposes of manufacture.’^ 

10. The other traveller would have a very 
different story to tell “J cannot understand,” he 
might say, “ how you can talk of Britain as in an^ 
sense a flat country. I too crossed the island from 
sea to sea, landing on the coast of Inverness-shire 
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and sailing from the port of Montrose. But I could 
see very little low or level land the whole way. It* 
is an endless succession of rough high mountains and 
deep rocky valleys. I could sec no towns, hardly 
any villages, until I came to the eastern coast. The 
people live in houses of stone ; I could not see a 
single brick anywhere. They have no coals except 
what are brought from a distance, and most of the 
poorer people cut the i)cat on the moors and use 
it for fuel. I saw no mines in my journey, and no 
manufactures of any kind. The population is but 
scanty, and seems to be occupied chiefly with sheep- 
farming and rearing cattle. Large regions are 
almost uninhabited and are given up to game. If 
I might judge of the whole of Britain from what 
I have seen with my own eyCvS, I w^ould describe it 
as a rough, mountainous, barren island, without 
commerce or industry, and fit only for past\ire-land 
or grouse-shooting, and here and there, in the valleys, 
for tillage.” 

11. Now each of these supposed tivuellers would 
have given a true enough account of the country, so 
far as his own personal experience of it went. And 
yet both of them would have been quite wrong in 
supposing that what he had seen to be tiue of one 
part of the country was ecjually true of the whole. 

12. In almost every country of Europe and 
?\merica, and in short all o\er the globe, similar 
contrasts may be observed. Now, why is it that 
there should be this great difference between different 
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portions of the same country ? What makes one 
fegion mountainous, another level ; one fertile, 
another barren ; one crowded with people and the 
scene of all manner of industry, another thinly 
peopled and given up to the breeding of sheej) and 
the shooting of game ? 

13. These great differences in the scenery 
of a country and the character of its inhabit- 
ants depend upon differences in the stones 
or rocks. If then the aspect of a country and the 
habits and pursuits of the people are so much influ- 
enced by the nature of the stones underneath, it is 
very desirable to know something al)out these stones, 
— what they consist of, how they have been put 
together, and why it is that they should form plains 
or low grounds in one place, and single hills or 
chains of mountains in another. 

14. A little consideration of the subject reveals to 
us that different kinds of stones have had their own 
special history, which when learnt reveals some 
curious and interesting glimpses into former condi- 
tions of land and sea. By degrees we observe that 
the liistory of the earth itself may, in great measure, 
be deciphered from these stones. The science which 
treats of these questions is called Geology, or that 
branch of human inquiry which is devoted to the 
history of the earth. 
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STONES OR ROCKS— THEIR VARIOUS 
KINDS. 

15. One of the first objects to ])e aimed at in 
making some acquaintance with Oeology, is to have 
a clear notion of the main points in which stones 
resemble and differ from each other. They are the 
materials for compiling the story of the earth. If 
we are to follow this story intelligently, therefore, 
and still more, if we are to try to interpret any part 
of it for ourselves, we must arrange our materials so 
as to understand precisely how they are to be used, 
and what kind of information we may expect to 
gain from them. One of the great advantages of 
Geology is that it lies open to everybody. The 
questions with which it deals are suggested by many 
of the familiar objects of everyday life, and any 
intelligent inquirer may hope not only to understand 
these (questions, but to be able to add something new 
to the knowledge already ac([uired by others i*egard- 
ing them. 

16. To any one who has travelled a little, or 
even to one who, not having travelled, has seen a 
collection of mineral products in the cases of a 
museum, it may seem as if the number and variety 
of stones were so great and confusing, as to make 
the task of trying to study them difficult and irk- 
some. And in one sense this impression is not 
without justification. Nevertheless, it is possible, 
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grefitly to i(*duce the difficulty and weari.someness of 
the pursuit. Let me illustrate this matter in the 
following way : — 

1 7. Suppose the question were put to us, to state 
how many different kinds of books we had met with 
in our lifetime. We should hardly be able to make 
any very satisfactory answer without some considera- 
tion. t3ur first impression would no doubt be that 
it would be nearly impossible to count up all the 
various sorts of books ; and we might find it difficult 
to decide which books should be regarded as belong- 
ing to the same kinds, and which to different kinds. 
Some agree wdth each other in being new, others in 
l)eing old ; some are of one size, some are of another; 
some are covered with boards, others merely wrapped 
up in paper ; some bound in cloth, others cased in 
leather and covered with rich gilding ; some printed 
in English, others in French, Clerman, Italian, Latin, 
or Clreek. But in reflecting on these and similar 
differences we see that they all arc concerned with 
the mere outside, or external, non-essential parts of 
the books. It is not the paper,- or printing, or 
binding, or age, nor even the language, that is the 
impoi’tant part of a book, but the thoughts which 
the book has to make known to us. These thoughts 
might be printed in a large book or a small one, in 
English, French, Crerraan, or any otlier language^ 
but they would remain the same thoughts, and the 
book would be essentially the same book all the 
while. 

r. 
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1 8. When we pass, then, from the mere unimport> 
ant external resemblances or differences to what the 
books properly are in themselves, we soon discover 
that, after all, there arc not so many kinds as at first 
might have been supposed. We can pick them out 
and sort them into groups, according to the subjects 
of which they treat. Thus, taking as examples only 
such as are used ])y young readers, we find that some 
are Books of Grammar, others Books of History, 
others Books of Geography, with Books of Poetry, 
Books of Travels, Books of Tales, and so on. Under 
each of these names we could put, if we had them, 
hundreds of books, resembling each other in treating 
about the same things, though outwardly they might 
be utterly unlike each other, as to size, binding, age, 
and even language. 

19. In arranging our books in this way, not ac 
cording to their mere superficial, accidental resem- 
blances, but accoiding to the subjects which they 
treat of in common, that is, their real resemblances, 
we would follow what is called a Principle of 
Classification. It would not matter how many 
different books came into our hands, nor in how 
many different languages they might be written , 
still, following our principle of classification, we 
should be able to arrange them all in their proper 
^places, books on the same subject being always put 
together, so that at any moment we could lay hands 
on any particular book that might be wanted. 

20. Suppose that instead of books we try to 
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arrange stones according to their several kinds. We 
first think over the names of all the different stones 
we can remember, and try to recollect their characters. 
Perhaps we begin by arranging them according to 
colour — Black Stones, such as Coal ; White Stones, 
such as Chalk, and so on. But in a little time we 
find that the same stone, marble, for instance, is 
sometimes black and sometimes white. Plainly, 
therefore, colour will not do for our principle of 
classification. Then we might attempt a grouping 
into Hard Stones and Soft Stones. But we soon 
discover that we need to put side by side stones so 
utterly unlike each other that we feel sure that 
mere hardness or softness must be an accidental or 
outside character, like the paper or printing of a 
book. 

21. We must determine what are the real and 
essential characters of stones. In dealing with books 
with a view to their ])roper classification we examined 
their contents, and placed those together which we 
found to be devoted to the same subject. Obviously 
the same kind of treatment must be followed in any 
proper arrangement of stones. 

22. How then are we to learn what are the essen- 
tial characters of stones ? At first this may seem a 
hopelessly difficult task. But though there are un- 
doubtedly difficulties, many of them disappear as we^ 
look more closely at them. We soon perceive that a 
simple principle of classification may be found, and 
that by its help stones may be arranged into a very 
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miicli smaller numl)er of gi’oups than (*ould have 
been anticipated. Let us try this practically by 
some examples. 

23. Hero are three pieces of stone ; — 

1. A piece of Sandstone. 

2. A piece of Granite. 

3. A piece of Chalk, or Limestone. 

These stones are of such common occurrence that 

they are probably familiar to most readers of this 
l)ook. Those who do not know them by sight can 
easily procure pieces of them, and ought to do so, if 
they would intelligently follow these lessons. Sand- 
stone is abundantly used for walls, lintels, hearths, 
and flagstones. Granite may now be frecjuently 
seen in polished columns and slabs in public build- 
ings, shops, and in tombstones ; while tlie streets in 
many of our large cities and towns are now paved 
with it. Common white chalk needs no description ; 
but in districts where it cannot be procured a piece 
of limestone containing “ fossils ” (see Ait. 94) will 
serve the .same purpose. 

24. Take the ])iece of sandstone in your hands 
and examine it carefully, using even a magnifying 
glass if the grains are minute. Then write down 
each of the characters that are observed, one after 
another. You will, of course, pay little hoed to 
^^olour, for sandstones may be red, white, green, 
yellow, or indeed of almost any colour. Nor will 
you give much weight to hardness or softness as an 
essential character, for you may find, even in the 



VARIOUS KINDS OF ROCKS 


13 


same piece .of stone, that one part is quite hard, 
while a neighbouring place is soft and crumbling. 



Fig. 1.— Piece of bandstoue. 


2o. If the piece of sandstone has been well 
chosen, you will be able to write down the following 
characters : — 

(1.) The stone is made up of small grains. 

(2.) The gmins are more or less rounded or worn. 

(3.) By scraping the surface of the stone these 
rounded grains can ])0 separated from the stone, and 
when they li<* in this loose state they are seen to be 
mere grains of sand. 

(4.) More careful examination of the stone may 
"how that the grains tend to lie in planes, which run 
in a general way parallel with each other, and that 
it is along the surfaces of these ])lanes that the stone 
tfiost easily lueaks or splits. 

(5.) The grains differ from each other in size and 
in the material of which they are made. Most of 
them, though they may look dull, white, yellow, red, 
or green on the outside, yet when broken across are 
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found to consist of a very hard, clear, nearly or quite 
colourless substance like glass ; some are perhaps 
small spangles of a material that glistens like silver ; 
others are softer, and look like a kind of dull earth 
of the same genei’al colour as the stone. The various 
distinct grains lie touching each oth(T in some sand- 
stones ; in others they are sepjirated by a kind of 
cement that binds them all into a solid stone. It 
is this cement which usually colours a sandstone, 
since it is often red or yellow, and sometimes green, 
brown, purple, or even black. 

26. Summing up these characters in a short defini- 
tion, we may describe our specimen of sandstone as 
a stone composed of worn, rounded grains of 
various other stones or mineral substances 
arranged in layers, 

27. Proceeding in the same way with the piece 
of Granite, you find at once a very different set of 
appearances, but after a little time you will be able 
to make out and to write down the following 

(1.) The stone contains no rounded grains. 

(2.) It is composed of three different substances or 
minerals, each of which has a peculiar crystalline form 
(see Chemistry Primer, Art. 23). Thus, one of these, 
called Felspar, lies in long smooth-faced, more or 
less sharply-defined crystals, or crystalline patches, of 
a pale flesh colour, or dull white, which can with 
S:)me difficulty be scratched with the point of a knife. 
These are the long white sharp-edged objects shown 
in the drawing (Fig. 2). Another, termed Mica, lies 
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in bright, glistening silvery plates, which can easily be 
scratched, and split up into thin transparent leaves. 
If these shining plates arc compared with the little 
silvery spangles in the sandstone, they will ])e seen to 



Fro 2. —Piece of Granite. 


be tlie same material. The third, named Quartz, is 
a very hard, clear, glassy substance, on which the 
knife makes no impression, but which may be re- 
cognised as the same material out of which most of 
the grains of the sandstone arc made. 

(3.) The crystals in granite do not occur in any 
definite order, but arc sciittered at random through 
the whole of the stone, and seem to be implanted in 
each other, 

2S. Here are characters strikingly different from 
those of the sandstone. They may be grouped into 
some such short definition jis this — Granite is a 
stone composed of several distinct crystalline 
minerals, which have no definite arrange- 
ment, but are irregularly interlaced with eacif 
other. 

29. Applying the same process of examination to 
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the piece of C^halk, you may be inclined at first to 
declare that this stone has no distinct characters at 
all. It is a soft, white, crumlding substance, soils the 
fingers when touched, and seems neither to have 
grains like the .sand>tono nor crystals like the granite. 
A magnifying glass, or even perhaps a microscope, 
may be needed to show the real nature of the stone. 
Take a fine brush and rub off a little powder from 
the chalk into a glass of clear water ; then shake the 
water gently and let it stand for a while until you 
see a layer of sediment on the bottom. Pour oft* the 
water, place a little of the sediment upon a piece of 
glass, and look at it under a magnifying glass Qr 
microscope. (See Art. 142.) It will be observed to 
present strongly-marked characters, which may be set 
down thus : — 

(1.) The stone, though much finer grained and 
more uniform in texture than either sfindstone or 
granite, is made up of minute ])a]‘ticles resembling 
each other in colour and composition, but presenting 
a ^ariety of individual forms. 

(2.) It consists of \arious minute shells, i*(‘cog 
nisable fragments of larger shells and sea-uichins 
]>ieces of coral, fragments of sponges, and white par- 
ticles which are CAidently the bi’oken-doAvn remains 
of dift'erent organisms,” that is, once-living crea- 
tures. In Fig. ?) some of thes(‘ chalk grains are 
r*e])re.sented as they aj)pear \vhen })laced undei* a 
microscope which magnifies them fifty times. Larger 
and well-preserved shells, sea-urchins, and remains of 
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other sea-creatures occur imbedded in chalk. (See 
'Fig. 23.) 

30. These characters might be summed up into the 
following brief but, so far as it goes, correct definition 
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Fin 3 —Home of the (ji.uiis of a piece of Chalk 


of Chalk — a stone formed out of the remains 
of once-living animals. 

31. If a piece of Chalk cannot be had, it may be 
possible to procure a fragment of limestont' composed 
mainly or entirely of recognisable fragments of shells, 
or other organic remains.” Such a sjiecimen might 
l)e a firmly-comjiacted stone, and of almost any colour. 
It might be as unlike chalk as chalk is unlike granite*, 
and yet if it consisted of the cemented fragments of 
once-living animals, it would obviously come under 
the same definition as that given in the jirevious 
))aragraph (sec Fig. 24, ]). 83). 

32. This kind of practical examination should be 
r(*peated again and again, until the ehai'aeters which 
have been written down liere ha^e become cjuite 
familiar to you. These three stones are, in fact, ex- 
amples of three great groups into Avhieh most of 
the rocks of the world may be arranged. So that 
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when the composition of a piece of sandstone, or chalk, 
or granite is thoroughly and practically mastered, a 
foundation of knowledge and observation is laid which 
will serve as an excellent starting-point for geological 
study, and which will pave the way for the compre- 
hension of how the stones of the mquntains, valleys, 
and sea-shores came into existence. 

In spite, then, of the apparently infinite diver- 
sity of the stones of which the globe is built up, they 
may, by a little study, l>c grouped into few classes. 
Following a simple principle of classification, we find 
that each stone we may meet with falls naturally into 
its own proper group. AV'ithout laying too much 
stress on the mere outer sha])e and hue, we endeavour 
to discover what are the fundamental points on which 
a stone differs from othei*s, and what are its essential 
characters. AVe seek to learn of what it is made, and 
what is its stmcture ; and according to the result of 
our in(j[uiries we place it in the Sandstone group, oi* 
the Granite group, or the Chalk group. 


WHAT STONES HAVE TO TELL US. 

'M. But if we went no farther than merely to be 
able to ai i'ange stones under their proper divisions, it 
would be hardly worth while to study them at all. 
A>e should be like people who had put a library 
into such excellent order that every volume stood 
on its proper shelf and compartment, ready for easy 
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reference at any moment, but who, after all, rested 
content with this mere systematic arrangement, never 
opening any of the books to make themselves ac- 
({uainted with the contents as well as with the titles. 
The classification of stones, or of flowers, bii-ds, fishes, 
or any other objects in nature, is in itself of no more 
service than such an arranging of a library, unless it 
is turned to account in helping us to understand ])etter 
the nature of the things we classify, and how they 
ai’C related to each othei. 

35. This habit of classifying what we discover lies 
at the base of all true science. Without it we could 
make but little progress ; we should always be in a 
maze, and would nc\ er know what to make of each 
new thing we might find out. We should be some- 
what like peo})le turned into a great hall and recpiired 
to educate themselves there, with the floors and gal- 
leries strewn all over with piles of books in all 
languages and on every subject, but utterly and hope- 
lessly in confusion. 

3G. Let us now try how this habit can lx* estaV 
lished among the seemingly endless variety of stones 
with which the world is stored, and how it will help 
us to make progress in our inquiries there. We 
take again our pieces of sandstone, chalk, and 
granite, and compare other stones ^vith them. We 
repair to the nearest pit, quarry, or ravine, to any 
opening in fact, either natural or artificial, which will 
enable us to see down beneath the grass and the soil 
of the surface. In one place there may be a clay-pit. 
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in another a sandstone-quarry, in another a railway 
cutting through solid rock, in another a deep ravine 
with picturesque rocky sides and a stream flowing at 
the bottom. It does not matter for our present pur- 
pose what the nature of the opening be, provided it 
shows what lies beneath the soil. In all such places 
stone or rock of some kind, or of many different ki nd.^, 
will be met with. The word ‘‘rock ” is used in geology 
to denote any naturally-formed mass of mineral mattei», 
whether it be hard or soft, compact or loose. Hence, 
blown sand, mud, clay, gravel, and peat are, in the 
geological sense, “rocks” quite as much as granite, 
sandstone, or limestone. After a little practice, the 
observer learns that the various sorts of rocks may 
usually be arranged under one or other of the three 
divisions already mentioned. For example, a large 
number of stones will be found to agree with the 
general definition of Sandstone (Arts. 24-26). These 
will of course be placed together in the Sandstone 
group. Another considera])le quantity of stones will 
be met with, made up wholly or almost wholly of 
the remains of j)lants or of animals. These must 
evidently be arranged in the Chalk group. Lastly, a 
good many stones are built up of interlocked crystals 
of different kinds. There are many different kinds 
of crystals, but, without troubling ourselves in the 
meantime with these differences, we may, provision 
afty at least, class crystalline rocks in the Cranite 
group. 

37. In this way, we should advance from the mere 
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pieces of stone that can be held in the hand, up to 
the masses of rock lying under a whole parish, or a 
county, or even the entire country. If the investi- 
gation were made in England, for example, it would 
gradually teach us that a long range of hills, stretch 
ing completely across the island from the coasts of 
Dorsetshire to those of Yorkshire, is formed of chalk, 
and that other parts of the country lie upon rocks in 
many respects resembling chalk. It would show us 
that a great part of Britain is made of stone like oui 
])iece of sandstone ; for example, the hills and dales 
of most of Wales, Lancashire, and the South of Scot 
land. And if wo climbed up to the tops of the moun- 
tains, such as the higher summits of the Grampians, of 
Wales, or of Ireland, we should find them to be built 
up of solid masses of granite, or of rocks that would 
come into our Granite group. A little observation, 
in any part of the world, is enough to ena}»le us easily 
to gather satisfactory evidence that the different 
kinds of stone are not scattered at random over the 
ground, but have each their own places, with their 
own forms of hill or valley. 

38. Further attention to these matters will ere 
long convince us that, if we only learn how to ques- 
tion rocks in the right way, wo may get from them 
tolerably clear and definite answers. In fact they 
may be compared to books, each of which contains a 
little piece of history. And much in the same way^s 
we must know the language in which a book has been 
written, if we would understand what the ])ook has 
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to tell us, so, if we would comprehend the history 
recorded in the rocks, we should begin by trying to 
master the methods by which the record is to be 
interpreted. Of these methods the following pages 
are intended to give some account. The history told 
by the rocks is that of the land we live in, how it 
has been made, and what wonderful changes it has 
seen. In reading historical books we follow the 
events that happened in old times in a country, how 
battles were fought, laws were made, and old habits 
and customs gradually passed away. As the more 
we know about the events of former times, the better 
do we undeivstand how the laws and customs of the 
present day came to be what they are, so, on the 
other hand, the more we can make ourselves familiar 
with the ])rocesses of Nature that are changing the 
surface of the globe at the prehcnt time, the better 
fitted are we to trace out the chronicles of the olden 
time of our jjlanet’s histcuy as recorded in the rocks. 

39. The solid earth under our feet has likewise a 
history, as well as the })eople who have lived on its 
surface. Take llritain as an example. By the 
study of its rocks, men have found out that once a 
great part of this country, as well as of Northern 
Europe and North America, was buried under ice, 
like Gree?iland. Plarlier still, it was the scene of 
vast volcanic eruptions that deluged thousands of 
square miles with streams of molten rock. Beyond 
that time, it had jungles of palms and other tropical 
plants : yet farther back, it lay beneath a wide sea 
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that stretched across the whole of what is now the 
centre of Europe ; and beyond that time can be 
traced many still more remote j)eriods, when it was 
forest-C()vei*ed land or wide marshy j)lains, oi* again 
buried under the sea. And amid these mutations of 
the face of nature, the plants and the animals, alike 
of the land and the sea, have slowly undergone a long 
series of changes. As we trace their remains back 
ward into the older rocks in which they lie entombed, 
they become more and more unlike the plants and 
animals of to-day. Thus, basing our inquiries on 
the actual evidence furnished by the rocks, we may 
follow step ])y step this strange hi^toiy backwards, 
with almost as much certiiinty as we trace the 
progress of the Honians over the ancient world, or 
of the Angles, Saxons, and Jutes in England. 

40. The records of these old revolutions of the 
eai-th’s surface are contained in the stones beneath our 
feet. In learning wliat these stones are, how they 
were made, and how they came to be as we now see 
them, we are really unravelling a part of the history 
of the earth. 4408 history is written in clear and 
legil)le language, which, with a little patience, will 
easily be mastered. And when the alnlity to read it 
has once l)een acquii*ed, we shall not be content with 
what we can learn from books. AVhen we discover 
that the commonest bit of stone has its part of the 
story to tell, which we can read from it for ourselves, 
we obtain a constant and increasing source of dc 
light in getting away to (|uarries, brooks, sea-shores, 
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or hill-sides, to iiny place, in short, where the rocks 
can be examined, that we may (luestion them and 
learn what they have to tell about the ancient 
chronicles of the earth. 

41. The object of this little book is to set its 
readers in the way of putting intelligent (questions to 
every stone and rock they may meet with. AVe will 
begin with the very simplest lessons, and, appealing 
at every step to things already familiar, will feel, in 
this way, how sure and steady oui’ pi*ogress is, till, in 
the end, it will be practicable to carry on the question- 
ing with little help from book or friend. The same 
changes that are now in progress on the surface of 
the land and on the floor of the sea have been ad- 
vancing from remote periods of the past, producing 
the same kind of effects. In proportio?i, therefore, as 
we appreciate and observe the ordei' of nature at the 
present time, are we fitted to understand and follow 
out the records of similar events in the earlicw history 
of the earth — i-ecords that are duly chroni<*le(l 
among the rocks which it is the business of (leology 
to investigate. 


SEDIMENTARY ROCKS. 

I. What Sediment is. 

42. The stones or rocks beneath our feet, there- 
mre, are full of a history of old revolutions .of th(‘ 
earth. To be able to read this history, we obviously 
require at least two qualifications. We must know 
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how to observe, and then how to arrange and com- 
])are our observations. The mode of observing was 
illustrated in the foregoing pages by the way in 
which definitions were found for different kinds of 
stone. The habit of arrangement was exemplified 
in the classification of three groups of rock. 

43. We called these for convenience the Sand- 
stone group, the Chalk group, and the Granite group. 
But other names for them are already in use, which 
will be more convenient. Accordingly we will refer 
all rocks having characters like those of sandstone 
to the Sedimentary Rocks ; those formed, as 
chalk is, of the remains of plants or animals, to the 
Organically-formed Rooks ; and those having a 
crystalline character, like oui- granite group, to the 
Igneous Rocks. The meaning of these names will 
be seen as we proceed. 

44. Now, since these groups are so distinct from 
each other, it may reasonably be infeired, even 
at the outset, and before anything more is known 
about them, that each of them has a history peculiar 
to itself ; in other words, that its ^’arious kinds of 
rock must have been formed ditferently from those 
of the other groups, since they are so unlike them. 
Let us, then, take up each of the groups in succession, 
l)(‘ginning with the Sedimeiitary Rocks, or those 
which have a more or less close resemblance t^ 
sandstone. 

45. But first, we must clearly understand the 
meaning of this word sedimentary, and why it is 
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applied to the rocks of this ^roiip. We take a glass 
of water and put some clean well-washed gravel into 
it. The gi’avcl «'it once sinks to the bottom, and 
remains there even though the water ])e biiskly 
stirred. AVe close the mouth of the glass and shake 
it up and down, so as to mix the water and gravel 
thoroughly together ; Imt as soon as this is done 
and the glass is placed on the table again, the gravel 
is found to have sunk and formed a layer at the 
bottom as l^efore. I'his layer of coarse mineral 
particles deposited in water is a sediment of gravel. 

46. Instead of gi'avel, we put clean sand into the 
water and shake it up as before. AVe mix them so 
completely that for a moment or two after we cease, 
the water seems quite dirty. But in a few minutes, 
or in a longer time, if the particles happen to })e very 
fine, the sand will have all sunk to the bottom as a 
layer below the water. This layer is a sediment of 
sand. 

47. AA^e next take a little mud or clay, and shake 
it up in the water until the two are thoroughly mixed. 
AVhen the glass is rejdaced on the table this time, the 
water continues (juite dirty. Even after some hours 
it remains still discoloured. But a layer which soon 
began to settle down at the bottom continues to 
increase in thickness, and if the glass is allowed to 
stand long enough undisturbed, this layer will con- 
tinue growing until the water has again become clear. 
In this case the layer is a sediment of mud. 

48. Sediment, therefore, is something which, after 
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having been suspended in, or moved along by, water, 
has settled down upon the liottom. The coarser and 
heavier the sediment the quicker will it sink ; while, 
when very fine, it may remain in suspension in tlie 
water for a long time. 

49. Sedimentary Itocks are consequently those 
which have been formed out of sediments. And just 
as sediments differ from each other in coarseness or 
fineness, so must the sedimentary rocks formed out 
of th(un. 



Fio 4 Pieco of ConiiloineratP oi PuiMiTiR-stone. 


50. Here are [)ieces of three sedimentary rocks: — 
(1.) A piece of Conglomerate or pudding- 

stone (Fig. 4). 

(2.) I'he pieccof Sandstone examined already 
(Fig. 1) ; and 

(?).) A piece of Shale (Fig. 5). ^ 

51. The first of these three specimens is found on 
examination to be made of little rounded stones, 
cemented toi^ether. Were these round stones to be 
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separated from each other, and gathered into a loose 
heap, we would at once call it a heap of gravel. The 
stone is evidently nothing more than so much 
hardened gravel, such as might b(' picked up on the 
sea-shore, hy the side of a lake, or in the channel of a 
stream. Such a rock is sometimes called pudding- 
stone, because the stones lie together in it, somewhat 
like the fruit in a plum-pudding. 

.■>2. Taking up the piece of sandstone again, and 
making a further examination of it, let us consider if 
we have ever seen anything like the grains of vhich 



Fi«. 5.— Piece of Sli ih 


it is made up. Obviously they are grains of sand, 
and the sandstone therefore consists of mere sand 
firmly compacted into a stone. On the sea-shore, oi 
on the bed of a brook or river, sand of very much 
the same kind may be found, which, if it were 
hardened into a compact mass, would make just such 
a sandstone. 

53. In the third specimen the grains of tho stone 
are not so easily seen, being small. But take a knife 
and scrape the end of the stone, working up the 
powder with some drops of water. Put now the 
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dull-brown or black paste which is thus made into 
a tumbler of water and stir it well round. Immedi- 
ately the water becomes dirty, and remains so even 
for some time afterwards. But put the tumbler 
aside for some hours and you will find that the water 
clears again ; that what was put in as a dirty paste 
has sunk to the bottom of the glass as a layer of 
sediment, and that it is simply mud. The shale, 
therefore, is nothing more than a stone formed of 
hardened, fine muddy sediment, just as the conglom- 
erate is formed out of compacted coarse gravelly 
sediment, and the sandstone of compacted sandy 
sediment. 

54. Thus the term Sedimentary Rocks is an ex- 
])ressi\'e one. It includes rocks formed of all kinds 
('f sediment whether coarse or fine. 

In examining rocks belonging to this division two 
questions must be considered. First of all, how was 
the sediment made out of which they have been 
formed ? and secondly, how did the sediment come 
to be gathered and hardened into solid stone ? 

II. How Gravel, Sand, and Mud are made. 

55. The first step in the study of the Sedimentary 
Hocks has been taken in the foregoing Lesson, where 
it was shown that they consist of sediment, such as 
gravel, sand, and mud. The next step must be to 
find out how those materials have been formed, and 
how they have been gathered together into the con- 
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(iition of compact rocks. At the outset of all such 
inquiries in geology, the ((iiestion should be asked : 
Is thei’e anything going on nowadays that will explain 
what we ai'e in search of ? By starting fresh from 
the ol)servation of what takes place at the present 
time, we are far better able to understand what has 
been done long ago. How then are gravel, siind, and 
mud made at the present day ? 

56. The difference between gravel and sand will 
be found, after a little examination, to be only in the 
size of their component materials. In gravel the 
stones are large, in sand they arc mere grains. To 
mak(' this clear, })lace a little sand under a strong 
magnifying glass. The grains will look perhaps like 
gi'av el -stones rather than particles of sand. Each 
grain is found to be a worn, rounded stone, sometimes 
with little chips and hollows on its sides, like those 
on the sides of pebbles which we may pick out of a 
heap of gravel. After examining the sand in this 
way, we become convinced that, in spite of their 
contrast in size of grain, sand and gravel are only 
difFcMcnt sUitos of the same thing. Indeed, it is 
quite easy to collect a series of samples showing 
every gradation from tine sand to coarsci gravel. By 
the side of a rapid stream, or on a rocky coast, for 
example, we may p/i.ss in a few yards from fine sand 
qr silt uj) to the largest shingle, with huge rounded 
blocks many tons in weight. In such a scene we can 
hardly help asking how all tht'se fragments, whether 
small or large, come to be broken off*, ground so 
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round and smooth, and heaped up where we now sec 
them, 

57. To find a satisfactory answer to this question, 
let us suppose ourselves to be far up among the hills, 
at the first beginning of the brooks. A\'here the rocks 
are hard and tough, they rise out of tlie hill-sides as 
prominent crags and cliffs, down which little stream- 
lets dance from ledge to ledge, before they unite into 
larger streams in the bottoms of the valleys. The 
ci’ags are full of rifts ; tall masses of them seem ready 
to topple down, and the slopes l)elow are strewn with 
blocks of all sizes that ha^'e already fallen. Rocks 
exposed to the weather, in a country where there is 
plenty of rain, and where the wintei*s are cold, sufier 
great waste. They are split up by rain and frost. 
How this work is done is explained in the Physical 
Geography Primer, Arts. 133-147. We have now to 
consider some of the results of the waste. 

58. Suppose, for the sake of distinctness, that one 
special ei-ag could be singled out, the lock of which, 
from its colour or composition, might be distinguished, 
even in small fragments, fj*om thosi* of the crags 
round about it. Rising ])oldly from a steep hill-side, 
it looks peT'haps down a long slope to tin* little stream, 
which in the distance seems a thread of silver wind- 
ing thi'ougli the green meadow's far below. In the 
long course of time, rain and frost have carved the 
front of this crag into deep clefts and gullies, whiA, 
when wet weather sets in, become each the channel 
of a torrent, that pours down the slope and sweeps 
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away every loose bit of stone or earth within its 
reach. 

59. Were we to climb along the face of the crag 
and look into some of these frost-splintered, torrent- 
swept gullies, we should find them a scene of utter 
ruin. The bottom of each of them would be seen 
choked up with blocks of all .sizes that have tumbled 
down from the cliffs on either hand. From their 
lower ends great quantities of the same coarse debris 
have been poured down the slopes. For some distance 
from the base of the crag, the ground is roughened 
all over with blocks that have come from its moulder- 
ing cliffs. There could not Ije the least doubt in any 
ones mind that all this rubbish must once have 
formed part of the crag, that it has l)ecn detached 
in the course of long centuries by the working of the 
elements, and that the face of the crag must conse- 
(juently be slowly retreating. If the innumerable 
) docks of stone that lie strewn about could be put 
back to the places from which they fell, no doubt 
many of the existing clefts and recesses on the front 
of the crag might be filled up. 

60. But only a small portion of what has been 
broken from the crag by the weather now remains 
at its base. A prodigious amount has been removed, 
and a little closer examination may teach us how 
this removal has been effected. At the base of the 
slope below the crag, the }>ed of the little brook 
will be found to be strewn ^vith pieces from the 
crag. Were we to descend the course of such a 
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brook, and examine the stones in its channel, we 
•should learn how part of the substance of the crag 
is disposed of. The bits of stone strewed about 
upon the slopes above arc all more or less angular 
in shape, that is to say, they have sliai*p edges. But 
those a little way down the brook are not quite so 
rough nor so sharp-edged ; and the farther down we 
go we find the roughness of surface and sharpness 
of edge more and more to disappear. Fewer big 
blocks are to be seen, and those which do occur are 
on the w^holc more smoothed and rounded than those 
near the crag. Still lower down the valley we may 
find that the debris of the crag has been reduced to 
the condition of ordinary water-woi‘n gravel, thrown 
down here and thei*e by the stream. And it would 
not be difiicult to trace a passage of such gravel into 
sand, or even into fine silt aiid mud. Yet if some 
of this sand were placed under a magnifying glass it 
would 1)0 found to })e wholly or partly made uy) of 
grains of the same stone, which might be traced 
through every size of fragment uj) to the yjareiit crag 
among the far hills. 

Gl. If it be asked why stones are worn down in 
this way by lying in the bottom of a stream, the 
answer to the question will be best found by watching 
the work of the stream. In fine weather, when the 
water is low and the current feeble, no one could 
anticipate how great the y)ower of a str(‘am may' 
sometimes become. Could we see the same stream 
when heavy rains have filled every gully in the hills 
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with a foaming torrent, and when every streamlet 
rushes headlong down its valley, filling its bed to' 
the brim and even lising high on either side, we 
should be better able to appreciate the power of 



I K. t> Aiio'ulai btoJiib UtUtLtd tioin atlifJ by laiiis, fiosts, tU , and 
I iiiiuhtd into a bio(tk 

running water. The stones on the bottom of the 
channel are no longei to be seen, l>ut they may now 
be heard thumping against each other and against 
the sides and bottom, as they are hurried along ])y 



In. 7 — Hounded ‘stom's tioin tin sann i lift afU i lidMut' bein rolled 
il/ont III tin Ixd of lln brook 

the rushing water They are kept grinding as in 
a mil] Of course they must needs have their edges 
'worn oif, and theii sides smoothed, while at the 
same time they grind down and polish the rocks of 
the channel over which they are driven. 
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62. The stonefi first fall or are swept from a hill- 
si(i(‘ into a brook, as mere angular chips (Fig. 6). 
But by the time they liave travelled down the brook 
a lit Ic way, and have suffered from the grinding of 
a f(^w floods, they lose their sharpness and beconn^ 
more or less rounded, until at last, after some miles 
of transport, continued, perhaps, during several years, 
they appear as well-worn gravel (Fig. 7). A rounded 
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stone* Avill travel farther and faster than an angular 
one, but may in the end be worn down inU> mere 
sand (Fig. 8). 

63. As the stones gro\\ I’ouiidei*, they necessarily 
at the* same time ])ee*ome smaller. And as thi\v not 
only wear away each other, but also grind out the 
sieles anel beittemi of the e*hannel of the brook, ?i 
goexl deal of stone must be consec|uently rubbed 
down into sand and mud. 
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64. The finer particles, being more easily moved 
travel farther than the coarser fragments. Hence, 
while gravel and coarse sand are pushed along the 
bottom, fine sand and mud are carried along, sus- 
})ended in the moving water, which may transport 
them many miles before they can slowly sink to the 
bottom, there to form a deposit of silt or clay 
(Fig. 9). 



Fu.. — A of ^\.vtel tak( ii from tlu same bi(»ok when n> Hood, to sliow 
how the linei paitules woiii fioiii ffu sa le btones settU down on the 
bottom as a lajei of mud 


65. From the examination of such a stream as 
has been described here, we perceive that while the 
brooks in the higher parts of a country may have 
their channels encumbered with big blocks of rock, 
and abundance of coarse, sharp, angular rock-rubbish 
derived from the crags around, this material is worn 
down by degrees, and reaches the lowlands or the 
sea only as fine sand and mud. As the brooks are 
always flowing, so are they always transporting the 
'sVorn materials of the hills. But as fast as they 
do so, the crumbling crags and slopes of the hills 
supply them with fresh materials, so that the amount 
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oi gravel and saiid ground up \>y atieaios mu&t 
1)6 cnonnously great. When we reflect upon the 
vast number of rivers which, all over the continents, 
are busy at this task, we cannot but realise that the 
land is suffering a prodigious waste, and that the 
sea-bottom must be constantly receiving enormous 
(juaiititics of sediment. (See Physical Geography 
Primer, Art. 24-t.) 

G6. But it is not only in the beds of brooks and 
rivers that we may watch how the hardest rocks are 
ground into gravel and sand. The same lesson may 
be perhaps even more impressively learnt on a rocky 
sea-coast. AVhere a clifi* rises from the upper edge 
of the beach, it is usually easy to tell which parts 
are exposed to, and which lie beyond the reach of 
the waves. Overhead the cliff is rough and splintered, 
where only rain, frost, or springs have acted on it 
(see Physical Geography Primei’, Fig. 8). But 
towards its base, the rocks have been ground smooth 
and polished like those in the bed of a mountain- 
brook. What has smoothed the l)ottom of the 
cliff and left all the higher parts rough and 
crumbling 1 The answer to this question brings 
before us the part taken by the sea in the gradual 
destruction of the land 

67. Huge slices ot »yae weather -roughened cliff 
have been detached and have fallen down on the 
beach below. Others are ready to tumble off. They 
have evidently been loosened in the same way, and 
from the same cause, as in the case of the crfig 
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described in Arts. 58-65. But on examination it 
will be found that usually only those blocks that ' 
lie at the base of the clift* and have not yet been 
moved by the waves, still i-etain their sharp edges. 
Those that have been mo> ed farther down the 
beach are more or less roundcni, while between them 
the beach is strewn with stones of all sizes, well 
rounded and polished. 

68. On a calm day, when only little wavelets 
curl ashore, it is impossible to realise what the sea 
really does in the way of grinding down solid rocks 
and loose stones, just as it is impossi])le to form a 
proper notion of the work of a brook merely by 
seeing it lazily creejnng along its bed in a season of 
drought. Hut could we place ourselves near a clift‘ 
during a storm, we should need no further explana- 
tion or illustration of the powei* of the waves to 
grind down into sediment even the hardest rocks. 
Each huge breaker, as it comes tossing and foaming 
up the beach, lifts the stones lying ther(*, and dashes 
them against the base of the cliff, where it bursts 
into spray. As the green seething watei* rushes 
back again, to make way for the next tvave, one can 
hear, even pei’h.aps miles away, the harsh roai* of the 
gravel, when the stones grate and grind on each 
other, as they are dragged down the beach, only to 
be anew caught up and swept once more towards 
*the base of the cliff'. We could haidly conceive of 
a more powerful mill for pounding down rocks into 
gravel, sand, and mud (Physical Geography Primer, 
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A.rts. 235-2.37). Along the shores of the sea, there- 
of ore, not less than in the channels of torrents, frag- 
ments of the rocks of the land may be seen in all 
stages of destruction, from big angular blocks down 
to the finest sand and mud. 

69. If, now, the question be repeated, “How are 
Sand and Gravel made ? ” a clear answer has been 
supplied in this Lesson. “ Sand and Gravel are 
material worn from the rocks on the surface of the 
land, and ground down in moving water.’' Detritus 
which has been rubbed smooth in this way is said to 
be “ water-worn.” But it is not the water which of 
itself wears them away. They are, in fact, ground 
to powder by friction against each other aiul on the 
rocky bottom, almost all that the water does being 
to keep them moving and grinding. 

III. How Gravel, Sand, and Mud become 
Sedimentary Rocks. 

70. In the inquiry as lo the nature and origin of 
Sedimentary Docks we are now in a position to 
understand whence the materials of these rocks were 
derived. The further question remains for considera 
tion, how these materials have been gathered together 
and hardened into solid stone. As before, the 
answer in this case also must be sought in an 
examination of what is going on around us. By 
turning back again to the brooks and sea we shal? 
find this next part of the inquiry made clear and 
intelligible. 
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7 1 . Water flows more quickly down a steep slope 
than over a gentle one ; and in flowing more quickly 
it acquires greater force. If a few pebbles of 
different sizes are placed on the bottom of a trough 
of water, it will bo noticed that as the trough is 
gently or rapidly tilted up at one end, they are 
swept down more by the rapid than by the slow 
flow of the water. The greater the speed or velocity 
of a current of water the greater is its transporting 
power. The velocity depends mainly on the slo))e ; 
being great where that is steep, and feeble where it 
is gentle. Hence, as different streams, and even 
different parts of the same stream, vary much in 
slope, and conse(juently in velocity, there must be 
gi'eat differences in the size of the stones which they 
can sweep along. 

72. So long as a current of water moves swiftly, 
it keeps gravel, sand, and mud from settling down 
on the bottom. In the experiment described in 
Arts. 45-47, so long as the water in the glass was 
kept in rapid motion, the sediment continued sus- 
pended in the water ; it only sank to the bottom as 
the water began to lose its motion, the gravel most 
rapidly and the mud most slowly. This experiment 
illustrates what takes place in all the moving waters 
of the globe. A rapid current hurries along not 
only mud and sand, but even gravel and blocks of 
stone. As its velocity flags, first the stones and 
gravel sink to the bottom as a sediment, the sand 
falls more slowly and is consequently carried farther, 
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while the mud hangs in the water for a long time, 
travels a much greater distance, and only descends 
with extreme slowness to the bottom. 

73. The truth of these statements should be 
verified at every possible opportunity by an examina- 
tion of the rocky channels of brooks, which are in 
one place steep, at another nearly level, and where 
there is plenty of gravel and sand to illustrate the 
transporting work of water. In such situations, it 
will be found that where water shoots swiftly over 
ledges and rocks, it has strength enough to sweep 
even big blocks of rock along with it. Below the 
rapids, the bed of the stream is strewn with large 
boulders and coarse gravel, which are dropped as 
soon as the water, by coming from a steep to a more 
level part of its course, loses some of its velocity, 
and consequently carrying power. The finer sorts 
of sediment are not to be found lying on the steepest 
parts of the channel ; but where the declivity becomes 
gentle, the stream begins to drop its sand, and 
advancing into the plains, allows fine silt and mud 
to settle down. 

7 4. After making observations of this kind with 
our own eyes, we should be convinced that beds of 
gravel tell of strong currents of water, that beds 
of sand point to less rapid currents, while sheets of 
mud show where the water has had either a vaiiy 
gentle motion, or has been quite still. These con- 
clusions would be based on experience. Nature 
always works uniformly and consistently, so that 
D 
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when we find a certain result brought about by 
a certain cause, we are justified in ])elieving 
that this is nature’s plan which has always been 
followed. 

75. Now see how imporUint such deductions, 
based on actual observation, become when we begin 
to inquire how different rocks were made. If we 
have ascertained clearly how various kinds of sedi- 
ment are formed, we have advanced some way 
towards understanding how sedimentary rocks came 
into existence. Many of these rocks are hard stone 
now, such as may be used for paving streets or 
building houses. But we have learnt that mere 
hardness or softness goes for little, and that it is the 
materials or composition of the stone that must be 
considered. Whenever we meet with a stone tlia^ 
is made of water- worn grains of sand, or gTavel, no 
matter how hard it may be now, we feel sure that 
it was once in the sLxte of mere loose sediment under 
water. 

76. But further, the kind of sediment of which a 
rock is made up affords some information about the 
nature of the water in which the materials of the 
rock were laid down. For instance, a block of 
conglomerate is manifestly only a compact mass of 
gravel, about which we may confidently infer that, 
like ordinary gravel nowadays, its materials wore 
rolled about in shallow water, such as the bed of a 
lake or river, or on the shore of the sea. Again, a 
seam of shale may be regarded as having been 
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deposited in deeper or stiller water, into which finer 
silt was carried. 

77. Having now observed how sediments are 
formed and transported by brooks, rivers, and waves, 
we must trace what becomes of these materials when 
they are at last gathered into jdaces where they can 
accumulate without being constantly washed away. 
Some account of this subject will be found in the 
Physical Geography Primer, Arts. 182-186, where 
it is shown how, after being washed down ])y rain 
into brooks and rivers, the particles worn from the 
surface of the land are finally borne away out to the 
bottom of the sea. 

78. Such deposits of sediment over the sea-floor 
will by and ])y become hard sheets of stone, that is 
to say, they will harden into sandstone, shale, or 
some other common kind of Sedimentary Pock. 
Though we cannot see what goes on under the sea, 
we may form some notion of it by watching what 
takes place in pools of water. At the bottom of a 
gently sloping road, tlic pools that form in wet 
weather may serve to illustrate how sediment is 
disposed of. Following the course of one of the 
rain runnels down the slope, we notice how the 
muddy water sweeps along sand, gravel, bits of cork, 
stick, paper, and whatever lies in its way, until it 
discharges itself into a large pool that has gathered 
on the road. So long as the water flows (piickly 
downward, it sweeps away gravel and sand. When 
it begins to flow more slowly over the flat at the 
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bottom and enters tlie pool, it loses canning power, 
and must needs drop some of its burden of sediment. 
The heaviest particles fall to the bottom first, and 
this takes place just where the current is cheeked by 
meeting the level water of the pool. That part of 
the pool where the current enters is gradually filled 
up, except the channel which the current keeps open 
for itself. A tongue of sediment advances upon the 
water, and will in the end, should the rain last long 
enough, fill up the pool, except the winding channel 
of the stream.* While the coarse?* sand is dropped 
at the upper end, the finer sand and mud are carried 
across the pool, partly sinking to the bottom and 
partly escaping in the muddy water that issues at 
the lower end. The water has not time, in its 
passage from the one end of the pool to the other, 
to drop the whole of its burden of mud. 

79. When the rain has ceiised, should no cart-wheel 
or other intruder disturb the pool, the water will 
quietly soak into the ground and evaporate until the 
hollow is laid dry. Examining now the bottom of the 
pool, we can see exactly what took place under the 
muddy water. At the upper end is the tongue of 
sand pushed out from the shore by the streamlet. 
Though on a miniature scale, it is a true Delta 
(Physical Geography Primer, Art. 185). The bottom 
9 ;f the rest of the pool is covered with fine muddy 
silt or sand spread out more or less evenly over all 
the space on which the water lay. 

80. With a knife we carefully cut a hole or 
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trench through these deposits on the floor of the 
dried-up pool, so as to learn what they consist of 
from top to bottom. A cutting of this kind is called 
a Section, and may he of any size. The steep side 
of a brook, the wall of a ravine, the face of a quarry 
or railway-cutting or line of cliff, are all sections of 
the rocks. 

HI. In the centre of the little basin, the sediment 
brought in by the rain has accumulated to a depth, 
let us say, of an inch, below which lies the surface 
of the roadway. In looking more narrowly at the 
section, pi'obably the first feature to strike the eye 
is the evidence of arrangement in the muddy deposit. 
If we make a drawing of the section it may be some- 
thing like Fig. 1 0. The materials have been deposited 
in flat layers, one above another, some finer, others 
coarser than the rest. The coarse sediment is seen 
chiefly at the bottom. Following out the reasoning 
alr(*ady explained (Art. 74), we may infer that it 
tells of a stronger current at the beginning of the 
rain-storm, whereby sand and bits of stone were 
swept across the pool. Hut as the rain slackened, 
the runnels on the roadway grew less, and the 
currents in the pool became feebler. Hence, instead 
of coarse sand, only fine silt was then laid down. 
This order of events is clearly recorded in the little 
section of the deposits ; in the upper half, the laye^ 
of sediment are finer than they are in the lower. 
Together with the sand, gravel, and mud, chips of 
wood, leaves, and twigs (c in Fig. 10) may perhaps 
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be noticed which were borne along by the running 
water and have found a place among the layers of 
sediment. 



Fk, 10 —Section or (uttinpc tliiou}!li tlu sediment brought b> lain into a 
pool on a i«a<lway a Suitace of loadnaj h ( i s of < oar m sand 

^\lth bits of coal and ash < Layer (ontainin^ twigs, bits of stiaw, 
leaves, jiaper, eU 

82 . Observations such as these may perhaps he 
thought too tiifiing. The woik done by ram in a 
little pool on a roadway may seem altogether too 
insignificant to foim any foundation for judging what 
takes place in this woild on a great scale. But the 
scale on which the operations aie conducted matters 
comparatively little. The giCtit aim before us should 
be to see with our own eyes how nature works. We 
do not all enjoy opportunities of seeing this on a 
large scale. It is theieforc of the utmost iniiioitance, 
and a most gratifying encouiagement, to lie assured 
that if we attentively o]>serve and undersLind what 
t?ikes place around us, e\en on a small scale, we 
gain more solid knowledge than we should by merely 
looking wonderingly at the larger operations, with- 
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out attempting to see how they are produced. It 
should also be remembered that when the workings 
of natural agents can be studied on a small scale, 
they are often much more easily examined, and are 
therefore, for purposes of education, more useful 
than where they are displayed in great magnificence. 
Hence, if we scrutinise and thoroughly master what 
takes place over the bottom of a pool of water 
into which rain has swept sediment from the ground 
above, we lay a foundation from which it will be 
possible to understand how sedimentary rocks arc 
and have ])een formed all over the world. 

83. Instead of the pool we have supposed, imagine 
a great lake, such as that of Geneva, and in place of 
the mere tiny runnel on the road, formed by sudden 
rain, and disappearing when the rain ceases, picture 
a great river, like the Rhone, ever fed by the rains 
and snows and spi*ings of a huge mountain chain. 
There may seem to be no analogy whatever between 
the pool and the lake. AVe look with wonderment 
on the river rushing so swiftly past, and tossing its 
muddy waters into wave and foam, from bank to 
bank. We watch it enter the lake, and mark how 
the waves one ])y one sink down, and how the river 
loses itself and its tumult in the quiet, silent water 
of the deep blue lake. But if wo climb one of the 
mountains which rise steeply from either side of 
the upper end of the Lake of Geneva, and, fr®m 
a height of a few hundred feet, look down upon 
river and lake, we can hardly fail to recognise a 
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strong likeness between them and such a runnel 
and pool as we have been studying. The bottom 
of the valley lies spread out as in a map before us, 
— the windings of the river, the fiat green meadows 
on either side running as a long tongue into the 
lake, the little cottages and hamlets, and the lines of 
road — all so dwindled down in the distance that we 
can see them as in a map. That green tongue of 
meadows filling up the upper end of the lake and 
stealing along each side of the river is the Delta. It 
has been formed in the same kind of way as the little 
delta in our pool, only instead of hours it has needed 
thousands of years for its formation. About a mile 
and a half from the edge of the lake, a little hamlet, 
standing among the level fields, was actually a har- 
bour at the margin of the water some eighteen 
hundred years ago, and is still called Port Yallais. 
The river has thus pushed out its delta and filled 
up the lake for a mile and a half since Roman 
times. 

84. From the high ground overlooking the head 
of the lake, we can, in some sort, see how the sedi- 
ment gathers over the bottom. The Rhone is very 
muddy, and as its mud has a white colour, the milky 
look which it gives to the water, enables the eye to 
follow the course of the river into the clear-blue lake. 
Looking down upon it from the heights we can trace 
ttfe pale muddy current for some way out from the 
shore, until gradually mixing with the lake water it 
disappears. 
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85. Descending now to the lower end of the 
lake, let us watch where the water escapes. Not a 
trace of muddiness can there be seen. On the 
contrary, our eyes never looked on clearer, brighter, 
bluer water than that which comes rushing and 
leaping between the banks and beneath the bridges 
of Geneva. What has come of that cloud of pale 
mud which we saw carried by the river into the 
upper end ? It has all settled down upon the 
bottom. Day by day, year by year, and century 
after century the cloud of mud is there, always 
sinking through the water to the bottom, and always 
renewed by the restless i-iver. 

86. Were all the water of the lake drained off, 
the floor would be found to be covered with deposits 
of sediment. The coarser shingles and gravels 
would be met with at the upper end, where the 
strong current flows, and likewise at the sides 
where torrents from the mountains enter the lake. 
The flner sediments — sand and mud — would cover 
the main ])art of the bottom. These sedimentary 
accumulations would be thickest towards the upper 
end of the lake, that being the (juarter from which 
they had been mainly derived. 

87. Were borings made through them, these 
accumulations would be found to be perhaps several 
hundred feet thick in the delta. Eveiy where they 
would present the same kind of arrangement into 
flat layers which Avas observed in the rain -pool. 
Sand, mud, and gravel Avould follow each other in 
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beds or layers, lying one above the other from the 
bottom to the top. 

88. The Lake of Geneva, though many thousand 
times larger than our little pool, is yet itself only a 
small pool, compared with the great sea. At the 
margin of the sea where a large river enters, we may 
learn an impressive lesson that mere size does not 
alter the kind of work which river and sea are doing, 
and that in their case t/oo the same process has to be 
studied which we have watched already. The river 
is continually carrying vast quantities of sand and 
mud into the sea. We may be able to follow the 
muddy river -water to a distance from the shore, 
until, as its mud slowly sinks to the bottom, it loses 
itself in the waters of the ocean. The bottom of the 
sea, for a long way from the coast, is in this way 
constantly receiving fresh deposits of sand and mud 
whi(;h have been washed off the land. The upper 
(*dge of these deposits is uncovered when the tide 
goes out. A\"e may dig into them where they form 
the beach, and in so doing will recognise the same 
arrangement into layers as in therpool and the lake. 

89. From these various observations and the con- 
clusions to be deduced from them, we should be 
convinced that one leading feature of sedimentary 
deposits laid down under water is that they are not 
mere random heaps of rubbish, but arc assorted and 

‘ spread over each other in regular layers. This kind 
of arrangement is called Stratification, and the 
sediments so arranged are said to be stratified. So 



SEDIMENTARY ROCKS 


61 


characteristic is this mode of arrangement among the 
sedimentary rocks that they are often called also the 

Stratified Rocks. 

90. Th(‘ sheets of sand, gravel, or mud which can 
be seen on the sea-shore, or at the margin of any lake 
or pool on land, are soft or loose materials. Sand- 
stone, conglomerate, shale, and other sedimentary 
rocks are usually more or less hard or compact. In 
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spite of their firmness, however, there cannot lie any 
doubt that these rocks were once mere loose sedi 
ment, formed under water in the same way as sedi- 
ment is ma(h‘ evei y where at the present day. AYhat, 
then, has turned them into hard stone 

91. If some mud be ])laeed under a weight which 
will squeeze the water out of it, it will be found to 
become firmer. It is hardened by pressure. Again, 
if some sand be covered with water saturated with 
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lime (that is, the material of which chalk and lime- 
stone are made), or with some other mineral which 
can be dissolved in water, the water as it slowly 
evaf)orates deposits its dissolved material round the 
grains of sand. Were more of the same kind of 
water afterwards added from time to time to make 
good the loss by evaporation, it would be found at 
last that the grains of sand were bound together by 
the mineral matter deposited round them. The loose 
sand would, in short, be changed into a more or less 
coherent stone. In this case the hardening of the 
sediment would be done by the process called infil- 
tration. 

92. In one or other or both of these ways, most of 
the sedimentary rocks have been hardened into the 
sUite in which we now find them. When sand and 
mud are piled up over each other in wide sheets or 
layers, to a dei)th of hundreds or thousands of feet, 
the enormous overlying weight scpieezcs them into a 
firmer condition, while their individual particles may 
be cemented fii’mly to each other by mineral matter 
which has been deposited round them, usually by the 
water in which they were originally deposited, but 
sometimes by water which has subsequently perco 
latod among them. 

93. Summing up the particulars which have now 
been given we may describe a Sedimentary Eock as 
'follows : — “ A rock formed of sediment derived from 
the waste of older rocks, and deposited in water. It 
usually shows the stratified arrangement character- 
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fistic of water-formed deposits Since its deposition 
it has usually been hardened into stone by pressure 
or infiltration.” 

IV. How the Remains of Plants and Ani 
mals come to be found in Sedimentary 
Rocks. 

94. Although Sedimentary Rocks consist of such 
materials as gravel, sand, or mud, they often contain 
the lemains of former plants oi animals, which aie 
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of the highest importance in Geology. For example, 
on the two additional pieces of Shale (Figs. 12 and 
13), certain objects, very difterent from the ordinary 
sediment of which the stone is made, may be observed. 
These are Organic Remains oi Fossils. 

95. It is evident that the occurrence of such objects 
as these gives quite a new interest to Sedimentaiy 


54 


GEOLOGY 


Kocks. How did they find their way into the rocks, 
and what light do they throw upon the way in which 
the rocks were formed ? The rock represented in 
Fig. 1 2 is merely a fragment of common shale, formed 
of the same materials and arranged in the same 
stratified way as in the previous specimen (Fig. 5). 
At the first glance, we recognise the object on its 
surface to be a plant, and on looking at it more 
closely, and tracing the form and arrangement and 
delicate veining of the frond, we cannot doubt that 
this plant was once a living fern. It has ])cen 
changed into a black substance which, on further 
examination, proves to be a kind of coal. Little 
fragments and layers of the same Idack coaly sub- 
stance may occur throughout the piece of shale. If 
we scrape a little off and put it upon the point of a 
knife in the flame of a candle or of gas oi* in a hot 
fire, we can burn away the black matenal, while the 
grains of snnd or clay remain behind. These frag- 
ments and layers of coaly matter are evidently only 
leaves and bits of difierent plants imbedtled at the 
same time as the larger and better j)reserved fern. 
Now how did plants find their way into the heart of 
a j)iece of stone ? 

96. To understand how this happened we must 
turn to what is taking place at the present time. As 
we watched the runnel coursing down the sloping 
roadway (Art. 78), we noticed that it sometimes 
swept along bits of straw wood, paper, or other 
loose objects, some of which floated away into the 
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i^earest drain and were soon lost sight of, while 
others sank to the bottom of the little pool. In the 
section we cut open there (Fig. 10), little chips of 
wood or straw, or leaves and blades of grass, may not 
improbably be noticed among the fine sand and mud 
left by the rain. These objects lie fiat between the 
thin layers of sediment, that being the position they 
would naturally tiike as they sank to the bottom. 
Kain, therefore, may wash away leaves and othei* 
pieces of plants, and allow them to drop in a pool, 
where they are interstratified with the sediment 
there — that is, are deposited between the layers of 
sand, mud, or silt, and covered over by them. 

97. Again : along the banks or at the mouth of a 
river, we may readily observe that leaves, branches, 
and other floating objects carried down by the 
current, sink by degrees to the bottom, therci to be 
imbedded in and gradually covered up by the grow- 
ing accumulation of sand and mud. At any excava- 
tion in the deposits along the banks we may meet 
with layers of leaves and twigs, groui)ed along the 
planes of deposit of the stratified sediment. Such 
deposits of drifted vegetation often play a con- 
spicuous part in the accumulations that form the 
del til of a river. 

98. But it must happen continually that, before 
the leaves, branches, or trunks of trees have become ^ 
so water-logged or saturated as to sink to the bottom, 
they are borne onward into the sea. In such cases 
they may float a long way from shore ere they^ 
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to the bottom, and are there buried in silt and sand. 
Hence, whether on the ])eds of rivers, or at the 
bottom of lakes or of the sea, the remains of land- 
plants must be constantly dropping among the sedi- 
mentary deposits of the present time. 

99. Passing now to the sedimentary deposits of 
former times, we can have little difficulty in under- 
standing how pieces of ferns or any other kind of 
land-plants should be found in the heart of a solid 
stone. The stone, though now so compact, was once 
merely so much soft sediment laid down below water, 
and the fragmentary plants were blown or washed 
away from the place where they grew, until at last 
they were buried in that sediment. As the original 
mud hardened into shale, the plant was more and 
more altered, until its substance passed into coal. It 
will be shown in a later lesson that coal was formerly 
vegetation which, buried under great masses of sedi- 
ment, has been slowly changed into the black glossy 
substance so familiar to us. 

100. It is not only plants, however, which occur 
imbedded in sedimentary rocks. Here, for example 
(Fig. 13), is a drawing of a piece of shale containing 
a number of shells and other animal remains, chiefly 
fnlohites, that is, little sea-creatures belonging to the 
same great tribe with the common crab and lobster. 
In endeavouring to answer the question of how they 
were entombed, we must try to realise what is now 
taking place on the floor of the sea. 

101. Did you ever look into the little pools of sea- 
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water left upon a rocky' beach when the tide has gone 
back ? How full of life they are ! Tufts of sea-weed 
sprout up in one place, groups of brightly tinted sea- 
anemones appear in another, periwinkles and limpets 
cling to the sides, and down at the bottom you may 
see tiny crabs cautiously creeping out of sight, with 
many other kinds of sea-creatures moving to and fro, 
of which you do not know the names. Looking a 
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little more narrowly, you may obser\e that some of 
the shells at the bottom are empty, the animals which 
once lived in them having died, and that broken 
pieces of other dead creatures lie there also. 

102. It must not, of course, be supposed that the 
whole of the bottom of the sea is like the bottom of 
one of these pools on the l)each. The plants and 
animals in the pools are those which live along the 
shore or shallow parts of the sea, while the deeper 
parts have other plants and animals peculiar to them. 

E 
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But although these living things differ greatly in 
different portions of the ocean Hoor, and though, here ' 
and there, they may be absent from bare patches of 
gravel, stones, or sand, and from the deeper abysses 
of mid-ocean, the floor of the great sea resembles the 
floor of a little pool on the beach in this respect, 
that it swarms with many kinds of living creatures, 
and with the remains of dead ones. So that the 
deposits of sand, mud, and silt which gather upon 
the sea-bottom must contain abundant relics of these 
creatures. 

103. If then the remains of plants and of animals 
are now buried in the accumulations of sediment at 
the bottom of the sea or of lakes, we may be sure that 
the same must have been the case in past times. And 
if this inference be justified, as it so evidently is, then 
we may expect that sedimentary rocks, which are 
only so much hardened sediment of the bottom of old 
lakes or seas, should also contain remains of plants and 
animals. That they do so abundantly is no doubt 
already familiar to many readers of this little book 
who may themselves have gathered specimens of 
sandstones, shales, and other sedimentary rocks, as 
full of organic remains as any part of the modern 
sea-bottom is now crowded with life. Returning to 
the piece of shale represented in Fig. 13, we infer 
that originally it existed in the foim of fine mud on 
the sea-bottom, and that in that condition it enclosed 
and preserved the remains of the organisms that 
lived and died there. 
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V. A Quarry and its Lessons. 

104. In the foregoing lessons we have learnt what 
sediment is, how different kinds of sediment, arranged 
under water, have become sedimentary rocks, and how 
they may contain the remains of plants or animals. 
Let us now ti y to put some questions to these rocks, 
and see how they may be made to tell their own story. 



Fig. 14 —Quarry in Sedimentaiy Rocks. 


Much may be learnt from quarries, ravines, oi shore 
reefs , in short, from any artificial or natural ex- 
posure vheie a series of sedimentary sti’ata is laid 
bare. For the sake of illustration, let us suppose our 
selves to be in the quarry repi*esented in Fig. 14. 

105. The first feature of the quarry to strike the 
eye as we enter is the Stratification of the rocks. 
They are disposed in successive bands, one above 
another, in that stratified arrangement so character- 
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istic of rocks Liid down as sediment under water. 
(Art. 89.) 

106. In the second place, the bands not only differ 
in thickness and colour, but in the nature of their 
materials. Of course, no two quanies would be found 
to agree in these particulars. For the sake of illus- 
tration, we may assume that, in our quarry, some of 
the bands consist of fine conglomerate (marked with 
little circles and dots in the drawing), others of 
various kinds of sandstone (marked with finer dots), 
and some of different sorts of shales or clays (marked 
with horizontal lines). These beds, or strata as 
they are called, alternate with each other, in no 
definite order, just as gi’avel, sand, and mud may ])0 
found alternating in the deposits that form the delta 
of a river. 

107. In the third place, in regard to the age of 
the rocks in the quarry, those at the bottom must 
obviously be the oldest, because they must have 
been deposited before those lying above them. The 
lowest bed may be of exactly the same materials and 
thickness as one or more of the other’s, and may so 
precisely resemble them that no difference l>etween 
them may be perceptible. Yet the occurrence of 
similar beds, at different levels, qne above another, 
would prove them to be different beds, and to have 
been formed successively one after the other. In all 
such cases the beds at the bottom are the oldest, and 
those at the top the newest. This arrangement of 
one bed or stratum above another, in the order in 
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which they were laid down, is called the Order of 
Superposition. 

108. This order is, no doubt, very simple and 
self-evident in the quarry drawn in the woodcut; but 
it is not always so clear, for in many cases the rocks 
are concealed in part by soil or otherwise, and much 
care and patience may be needed before their true 
order of superposition is ascer'tained. 13ut every 
eftbrt should be given to settle which are the bottom 
rocks and which the uppermost ; for when this is 
fixed, we know which are oldest and which newest, 
and we can then begin to interpret the portion of 
the earth’s history which they record. 



Fio 15 — Ripple-nmiks in Sandstone 


109. Ill tlie fourth place, as a further illustration 
of the way in which geological inquiries are pursued, 
we may proceed to gather the evidence which the 
rocks may have preserved regarding the manner and 
place in which they were deposited. We split open 



62 


GEOLOGY 


some of the lower beds of sandstone and find that 
their surfaces ai’e covered with ripple-marks (Fig. 
15). Any one who has walked along a flat sjindy 
beach must have noticed the maikings which the 
shallow ri])pling water leaves on the soft sand, and 
will at once recognise that the markings shown in the 
figure are of the same nature. Similar markings may 
be seen along the shelving margin of a lake, indeed 
wherever water has been thrown by the wind into 
little wavelets over a sandy bottom. They generally 
betoken shallow water. Hence, the first conclusion 
we draw respecting the origin of the sedimentary 
rocks in the (]uai ry is, that they were not deposited 
in a deep sea, l)ut more probably in shallow water. 

110. By further search among these strata, we 
might find some of their surfaces curiously covered 



with little round pits, about the size of peas or l(*ss 
(Fig. 1 G). Take the i*ipple-marks, these markings 
must have been impressed upon the sand when it was 
still soft. Again, we must have recourse to what is 
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taking place at the present day for an explanation of 
what is chronicled among the rocks as having occurred 
in past time When drops of rain fall upon a smooth 
surface of moist sand, such as that of a beach, they 
each make a little dent on it. If the picture of rain- 
prints in the I'hysical Geography Primer (Fig. 9) be 
compared with the foregoing drawing of markings in 
the sandstone, they will bo seen to be essentially 
similar. There can, indeed, be no doubt that they 
have both been made by the fall of rain-drops upon 
soft moist sand. 

111. The ripple-marks suggest that the water was 
shallow; the rain -prints pro\e that it must have 
risen along a beach liable, now and then, to be laid 
dry to the air and rain, and that, during these times 
of exposure, showei’s of rain sometimes fell. Now 
can wt* tell whether this beach formed the shore of 
a lake, or of the sea ? 

112. Again wo turn to the rocks themselves, and, 
from some of the layers of shale, may possibly pick 
out a number of fossils, which enable us to answer 
the cpiestion. An anghn* who plies his rod in a lake, 
would not expect to catch the same fish as in the 
sea. Not only the fishes but the other animals and 
plants living in fresh water differ from those living 
in salt water. Star-fishes, limpets, crabs, oysters, 
and floimdei-s, for example, are inhabitants of the 
sea, while the trout, perch, minnow, stickleback, and* 
pond-slugs are natives of rivers and lakes. It is 
quite certain, therefore, that the remains of animals 
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and plants preserved in the deposits of the sea- 
bottom must differ from those preserved on the 
bottoms of lakes. 

11.3. Some of the fossils which we may assume 
to have been jncked out from the shale band in our 
quarry are represented in Fig. 17. Of these a is a 
coral ; h is part of the jointed stem of the Encrinite 
or stone-lily — an animal related to the common star- 



a h 

I’jG 17. — Fossils. 0 , Coral; h, part of Eiicrinito ; f, Spirt/cnt, 
a inaiine shell. 


fish ; and f a shell belonging to the Brachiopods 
or lamp-sliellh, wliieh are all dwellers in the sea. 
Now, since such unmisLikably marine animals are 
found associated in a bed of stone, the materials of 
the stone must assuredly ha^n* been laid down under, 
or at the edge of, the sea. After the animals died, 
their remains were perhaps washed about on the 
sea-floor or were possibly cast ashore on the old 
^ beach, as shells are at the present day. 

114. Here, again, is a third fact about the 
history of the rocks. The ripple-marks and rain- 
prints showed that the original sediments gathered 


A QUARRY AND ITS LESSONS 65 

in shallow water close to shore, and along a beach ; 
and now the fossils prove that these waters were 
part of the great sea. 

115. In our imaginary quarry, then, Ave have 
found clear proofs that land and sea have there 
changed places. Though the quarry may l)e in the 
very heait of the country, far away from the sea, 
yet the evidence furnished l)y its rocks proves l)eyond 
question that the sea once covered the site. From 
the South of England to the far end of Scotland, by 
much the largest number of quarries have been 
opened in rocks that were originally formed under 
the sea. Down at the })ottom of deep mines, and 
up at the summits of high mountains, similar rocks 
are found. By far the larger part of the dry land 
is formed of them. The highest mountains in the 
world consist in great part of sea-made rocks. 

116. Now is not this strange and puzzling ? 
How has the solid land been chiefly made under the 
sea ? The rocks must somehow have been raised \i\) 
out of the sea, and since the land is so uneven they 
would seem to have been raised much more in some 
places than in others. How this raising of the sea- 
bed has t^iken place, will be spoken of in a later 
lesson (Arts. 173-192). But first we must trace the 
history of certain other rocks, many of Avhich have also 
been formed under the sea 
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ORQANICALLY-DBRIVBD ROCKS, 

OR ROOKS FORMED OF THE REMAINS OF 
PLANTS AND ANIMALS. 

I. Rooks formed of the Remains of Plants. 

117. Since the leaves, branches, and stems of 
plants, and the shells or other remains of animals, 
are sometimes scattered abundantly through ordinary 
sedimentary rocks, they may he expected to occur 
here and there in such quantity as to form great 
deposits of themselves. Such deposits could hardly 
be called sedimentary, in the same sense in which 
common shale and sandstone are so named, ^^"e 
may term them Organically-derived Rocks, be- 
cause they owe their origin to the accumulation of 
materials that have been put together by the organs 
of plants or animals. A plant or animal lives, moves, 
Jind builds up its framtjwork by means of what ani 
called “organs.” For instance, we walk by using 
our legs, which are otyans of lovonwHon : we speak 
with our mouth, which contains oui* m'gaui^ of speech ; 
we see l)y means of eyes, which are our organs of 
sight : and so on. Every object, therefore, which 
possesses organs is said to be organised, or to 1)C an 
organism ; and as only plants and animals are so, 
the word has come to mean simply a plant or fin 
animal. Fossil plants and animals in rocks are 
called organic remains. 

118. We begin with those rocks which have been 
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formed out of the remains of plants. As an illustra- 
tion let us examine carefully a piece of coal. If 
we master all that it has to tell, we shall not have 
much difficulty in tracing out the history of other 
rocks belonging to this series. 

119. The general appearance of coal is familiar 
in most countries of the world, even where the 
substance is imported from a great distan(*e. There 
are various kinds of it, such as gas-coal, steam-coal, 
household-coal, and others, diflering from each t)ther 
in their rpialities for useful purposes, but all agreeing 
in the essential fact that they have been formed out 
of vegetable remains. A ])iece of the bituminous 
or household variety, ordinarily burnt in houses, is 
brought to the fireplace in rough, irregular lumps, 
yet, on examination, it will be observed to })ossess 
an arrangement in layers like the scHlimentary rocks. 
A big solid piece of coal usually splits easily in one 
direction, which is that of its thin layer's or “strati- 
fication,^^ To make large pieces of coal burn up 
([uickly into a good fire, we should so place them in 
the grate that their parallel layers shall be more or* 
less upright. In that ])osition the heat splits them 
up and allows them to burn moi'e rajfidly. 

1 20. Now look at orre end of a lump of coal, 
where the (nlges of the layers are exjrosed. They 
ar-e not indeed so definitely marked as those in 
piece of shale, for* they seem to blend into orre 
another. Most of them consist of a hard, bright, 
glossy substance, but some are of a soft material 
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that soils the finger’s, like charcoal. No very close 
observation, therefore, is needed to convince us that 
coal is stratified. 

121. C^^oal can he burnt away so as to leave only 
ashes behind, and in this respect resembles wood and 
peat (see Art. 129). Chemists have analysed it, 
and found that it consists essentially of the same 
materials as these substances. C^oal, indeed, is only 
so much vegetation which has been pressed together, 
and gradually changed into the black su])stance now 
used as fuel. 

122. Let us suppose ourselves at a coalmine, 
with the object of seeing how the coal lies, before it 
is dug out of the earth and bi-oken uj) into the 
small pieces which we burn in our grates (see Fig, 
37). Descending in one of the cages by which the 
miners are let down, we reach the bottom of the pit, 
and after our eyes have become used to the darkness 
at the bottom, we set out, lamp in hand, along one 
of the roadways, to reach the place wh(‘re the miners 
are at work removing the coal. Now, first of all, 
we notice that the coal occurs as a bed, having a 
thickness of a few feet. This bedded character 
agrees with the appearance of stratification shown 
by the internal layers in the stone, and further 
confirms the inference that coal is a stratified rock. 
AYe observe further that the pavement on which 
the coal rests, and the rock that overlies it and forms 
the roof of the mine, are both made of very different 
materials from the coal itself. AVere a ti’ench or 
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section (Art. 80) cut through pavement, coal, and 
roof, it would present some such arrangement as that 
in Fig. 1 8, and would prove heyond any doubt that 
the seam of coal lies among beds of common sedi- 
mentary rock (see also Figs. 37 and 38). 

123. The floor or pavement on which the coal 
lies {h in Fig. 1 8) deserves our special attention. It 
is a bed of dark clay, with abundance of black 
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Fio. 18. —Section of a Coal-seam with its roof ami pavement, a. Sand- 
stones, Shalo.s, etc. b. Under-clay forming pavement of Coal (»). 
d. Sandstones ami Sliales, fonninj; roof of Coal. 

streaks and branching strings, like roots, which may 
bo ti’aced spreading thi’ough it into the bottom of 
the very coal itself. In other pits and sections, each 
coal-seam would be found to lie usually on a similar 
bed of clay or shale. Now why should the coal 
generally rest on such a kind of pavement rather 
than on one of sandstone or other rock? We may 
be confident that the association of the coal with its 
under-clay cannot be a mere accident, but must have 
a meaning, which, if found, may help us to under 
stand the origin of coal, and thus to follow that 
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part of the earth’s ancient history which is recorded 
in coal-mines. 

124. Looking more narrowly at the under-clay, we 
perceive that it resembles a bed of soil with roots 
l)ranchiiig through it. With this idea suggested to 
the mind, the more we examine the rock the clearer 
will this resemblance a])pear, until we Ix'come quite 
confident that in truth the under-clay is an old 
soil, and the bed of coal represents the vege- 
tation which grew upon it (Sec Fig. 38.) 

125. J^^iach coal-seam has been, in truth, at one 
time a dense mass of vegetation growing on a wide 
marshy or watery fiat, somewhat like th(' mangrove 
swamps along the fiat shores of tropical countries at 
the pi'esent day. These marshy plains had a l)ottom 
of muddy soil on which the rank jungle grew, and 
it is this very soil which is still seen in the under- 
clay. 

126. Can anything be learnt about the kind of 
plants that fiourished over these lagoons, and accumu- 
lated into the thick mass which formed the coal ? 
Not much is usually to be made out from the coal 
itself, for the vegetation has been so scpieezed and 
altered that the leaves and branches of the plants 
can no longer be recognised. In many kinds of coal, 
parts of the plants have ])een changed into the sort 
of charcoal already referred to, which sometimes 
shows traces of vegetable fibres. There is a method 
of examining coal and other mineral substances, 
whereby their minutest structures can be seen. A 
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thin piece of the stone is ground smooth with emery 
and water, and the polished face is cemented with 
Canada l)alsam to a piece of glass. The other side 
is then rul)hed down, until the slice becomes so thin 
as to he transparent, when it may he cleaned and 
placed under a microscope for examination. Some 
kinds of coal, whei^ prepared in this way, are found 
to he made up of millions of little seeds, or, as they 
are called, n]m'angia. These were shed hy plants that 
were akin to the cluh-mosses of oui* own moors and 
hills, but much larger in size. They must have 
fallen so thickly over the Rats as to form a layer, 
which has l)ecn compressed into coal. 

127. But though the larger phuits have not usually 
been well preserved in the coal itself, they may some- 
times he found in great perfection and beauty in the 
beds of rock above or below the coal. Some of the 
common varieties are shown in Fig. 19, the three in 
the upper line being forms of ferns, and those in the 
lower being portions of trees, allied to living club- 
mosses. The last figure to the right hand in the 
lower row is part of one of the roots with attached 
rootlets (called digmaria) which are found so abund- 
antly in the under-clays below the coal. The stems 
and leaves to which these roots were attached have 
been crushed together to form the coal above. Now 
and then the plants may be seen lying across each 
other, in wonderful profusion upon the bottom of 
the bed of rock that overlies the coal-seam and forms 
the roof of the mine. Though all squeezed flat, like 




Fio. 19 —Plants out of which Cool hns b« fu lormeU. 


buried deep within the earth, under huge masses of 
rock, which must be bored through before the coal 
can be reached. How this burying has taken place 
is explained in a later lesson (Arts. 193-203). But, 
before considering this subject, we may with advan- 
tage attend for a little to another kind of formation, 
where vegetation comes into play, and which may be 
examined not in a deep mine, but in the open day. 
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120. Most of us have read about, many may have 
seen, the bogs and peat-mosses so abundant in the 
northei-n parts of Europe and of North America. 
Those who have not, must imagine a wide, flat space 
of ])rowu moor and green marsh, in many parts so 
soft and wet that one would sink deep into the black 
mire if one tried to walk on its treacherous sui’face ; 
in other parts having a firmer crust, which shakes 
under the feet of the traveller who crosses the morass 
by jumping from one dry standing-place to another. 
Such a flat space is called a bog, moss, or peat-moss. 
Of the whole surface of Ireland nearly a seventh part 
is believed to be occupied with bogs, and in many 
parts of Scotland, Denmark, Scandinavia, and British 
North America, th(‘y occur in gi’eat numbers. 

130. Visiting one of these places we notice that 
round its edges it is usually quite firm. It may even 
have become so dry to the very middle as to be 
ploughed up and to furnish crops of turnips and 
pt)tatoes. Vherever we cjin catch a sight of the 
substance of which the moss consists, it proves to 
be a black or dark-brown sort of mould called Peat, 
or turf, which on closer inspection is seen to be 
formed of the fibres of plants firmly matted together. 
Over the whole of the moss this peat extends as a 
bed, sometimes thirty or forty feet thick. It is 
entirely a vegetable deposit, and in this and othe^ 
respects resembles coal. The lower portions are of 
course dead, but the plants at the surface are alive, 
so that the peat is gradually getting thicker by the 
F 
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growth and decay of successive years. In some 
places a layer of peat three feet thick has been 
formed in this way duiing the lapse of thirty or 
forty years. 

131. Such being its composition, peat may, of 



Fin. 20. -SceOon of a ulionj tlio is cut and piled into 

small stacks to dry for find. 


course, be readily burnt. At the mosses it is dug 
out in pieces, which are dried and used for fuel. 
Over great parts of Ireland and of Scotland the 
peasantry have no other fuel than what they cut 
every summer from the mosses. 

132. In Fig. 20 a representation is given of one 
of these cuttings for peat. It is in such places that 
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the mode of origin of the deposit can Lest be studied, 
and as the tracing out of tlie formation of a peat 
moss furnishes a good example of the way in which 
geologists search out the past history of the earth, 
let us suppose ourselves to l)e looking into the open- 
ing which has been made in the peat-moss drawn in 
Fig. 20, and to be endeavouring to discover what 
the history of the place has been. 

133. Below the surface f)f coarse grass and 
heather lies the peat — a brown fibrous mass in the 
upper parts, becoming more and more compact 
towards the bottom, till it passes perhaps into a 
dark compact substance in whi(*li little trace of fibres 
may be discernible. If the ground has been laid open 
below the bottom of the peat, a layer of fine clay 
or marl may possibly be seen, eontaining, or even 
entirely made up of, the remains of shells, such as 
are only found lining in fresh water. Now and then a 
rude canoe, hollowed out of the trunk of an oak-tree, 
is (lug up from the bottom of a peat-moss, together 
with stone-weapons and other relics of early Inan. 

134. Here, then, in such a peat-moss as we have 
supposed, there would be most clearly placed before 
us a piece of geological history. As soon as the 
separate facts are put together, they are seen to fall 
naturally into their places, and they reveal to us in 
a most intelligible and intercbting way the story of^ 
the peat-moss. 

135. The lowest, and therefore the oldest, deposit 
is the clay or marl just referred to. From what has 
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been stated in previous pages such a deposit must 
undoubtedly have been laid down under water. 
Should it be several feet thick, it will suggest that 
probably the water was not a mere shallow pool or 
brook, but had some depth and extent. The shells 
indicate further that the water must have been that 
of a lake, for they are such shells as may be found 
still living in the lakes of the neighbourhood. The 
first point we settle, therefore, is that before a peat- 
moss existed here, a lake occupied the site. We 
may even yet trace what the boundaries of this lake 
were, for the slopes which rise all around the flat 
peat-moss must, in the same way, have surrounded 
the older sheet of water, whereon perhaps our rude 
forefathers floated canoes like those which are now 
and then dug up from the bottom of mosses. 

136. Above the shelly layer which marks the 
former lake-bottom, lies the peat, made uj) wholly 
of vegetable materials. Evidently the plant re- 
mains, by gradually filling up the shallow lake, con- 
verted 'it into a peat moss. In many places this 
process may be seen actually going on still. In such 
a peat-rnoss, for example, as that shown iii Eig. 21, 
it is evident that the littfe patch of water near the 
centre is only the remnant of a larger lakc^, which 
once covered the whole hollow. At the edge of 
that remaining pool the marshy vegetation, out of 
which the peat has been formed, may be observed 
growing into the water on all sides. A pole put 
down to the bottom will stir up the fine black or 
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brown peat, formed out of decayed roots and fibres. 

' There is still some water between the dead peaty 
matter at the bottom and the growing jdants which 
form a sort of crust over the top. But in the end 
the accumulated remains of the plants will fill up the 
whole of this intermediate space, and then even the 



Fin 21 — Giound ni ni in ip ol a IVal moss lillins; up a former lake, 

.ukI uith a ]»oitK)n of the lake still unfilled up 


watery centre will be converted into more or loss solid 
peat, as the outer parts of the moss havi‘ already been. 

137. AN'e conclude, therefore, that peat-mosses 
have been formed in marshy grounds or shallow 
lakes by the accumulation of the remains of marsh- 
loving ])lants on the places where, during many 
years or even centuries, thev lived and died. Like 
coal-seams, peat-mosses ])rovc that, in certain circum-^ 
stances, the growth and decay of plants may give 
rise to thick and wide-spread deposits. 
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II. Rocks formed of the Remains of Animals. 

13S. At first there in«iy seem to be but little 
chance that animal remains will accumulate to such 
a depth as to foi’m a well-marked deposit. Though 
the air may be filled Avith insects, though birds in 
abundance may b(‘ seen and heard, as the summer 
slips away, though in our meadows and Avoodlands 
rabbits, hares, moles, and many other creatures live 
in great numbers, yet avc nowhere see their remains 
forming a deposit on the surface, ^ay, we com- 
paratively seldom see a dead animal at all. They 
creep into holes and die there, and their bodies 
gradually crumble away and disappear. But if Ave 
look in the right places, avc discover that the remains 
of animals, as Avell as of jdants, and indeed much 
more than plants, form great accumulations. 

139. The shells occasiomally to be found in the 
clay or marl under a })eat-nioss (Art. 133) belong to 
certain kinds Avhich live in lakes. In some districts 
the bottoms of lakes are covered with such shells, 
Avhich, as they die and crumble away, form the Avhite 
chalky deposit, called marl, which is made up of 
shells in all stages of decay. The animals so abound 
in the Avater that, as they die, their shells form a 
layer over the floor of the lake. Now and then, such 
a lake has been either gradually filled up, by being 
choked with vegetation and silt (Art. 136), or has 
been drained artificially, so as to be converted into 
dry land. Its site is marked by the fresh-water 
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marl, foi*ming a bed or layer several inches or feet 
► in thickness, from which, perhaps, may be disinterred 
the skeleton of some deer, or \\ild ox, or other 
animal, which may have been drowned in the old 
lake ; or the canoe, stone-hammer, or other l elic of 
early human races, that peopled the country before 
so many of its lakes and forests disappeared. In 
some districts, where limestone is scarce, the marl of 
ancient lakes has l)een dug up in large quantities as 
a manure for the land. 

140. It is on the floor of the great sea, howevci*, 
that the most wonderful examples occur of the way 
in which rocks are gradually built up from the 
remains of animals, to a depth of many hujid]‘(‘ds or 
thousands of feet, and over distances of many 
hundreds of miles. Something is said on this 
subject in the Physical (Geography Primer (Arts. 
238-252) ; where the use of the dredge for the 
exploration of the bottom of the ocean is referred 
to, and allusion is made to the fine Ooze formed of 
minute organic remains, and found over the bed of 
the Atlantic Ocean. Let us now - consider this 
ooze a little further. 

141. To the west of Lritaiii the Atlantic soon and 
suddenly deepens. Its floor then stretches away to 
Newfoundland as a vast plain, the surface of which 
is somewhere between two and three and a half miles 
below the sea-level. It is ovei* this wide submariri'i 
plain that the transatlantic Telegi'aph-cabhis are laid, 
and hence numeroU'} soundings liaAc been made all 
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the way across from Ireland to the American coast 
(Physical Geography Primer, Art. 2. ‘19). In the 
shallower parts of the sea the bottom is covered 
with sand, gravel, or miid. The deeper tracts, on 
the other hand, are ovcrs 2 >read with a peculiar gray 
sticky ooze, which must stretch over the ocean floor 
for many thousands of square miles. This substance, 
when dried, looks like a dirty kind of chalk. A 
minute quantity of it, pre 2 )ared on a glass slide for 
the microscope, may be purchased at a mineral 



Fio. 22.- Some of the Oo7e fioin the Atlantic hed, niagnifictl 25 times. 

dealer’s. Looking at such a slide with only the 
naked eye, we might suppose that the little s])ecks 
in the centre are merely so many grains of extremely 
fine dust. But when placed under a strong magni- 
fying glass or niicroscojje they are at once seen to 
consist of minute shells, called Foraminifeia, some 
quite entire, others broken, and all most delicately 
sculptured and imnctured (Fig. 22). As we look at 
these graceful forms, it may fill our minds with 
Vonder to reflect that they are crowded together, 
millions upon millions, in the upper waters of the 
Atlantic ; that as they die they sink to the bottom. 





ROCKS FORMED OF ANIMAL-REMAINS 81 

where their shells gather into a wide-spread deposit, 
^and that as fresh generations succeed one another, 
this deposit is continually getting deeper. After 
the lapse of centuries, if the deposit were to 
remain undisturhed, and if we could set a watch to 
measure its growth, we should find it to have risen 
upward, and to have enclosed the remains of any 
star-fishcs or other sea-creatures which chanced to 
die and to lea^e tluiir remains upon the hottoni. 
Hundreds of feet of such slow-formed de])osit may 
have heeii already laid down ovei* the hotlom of the 
ocean. Here, then, is a second and notable example 
of how a deej) and far-spread mass of rock may be 
formed out of the remains of animals. 

142. ]f now Avo return once more to our piece of 
chalk (Art. 29) and compare it with the ooze of the 
Atlantic, avc may find some curious points of resem- 
blance, which will suggest some ncAv ideas about the 
origin of chalk. At the first glance, there may be 
noticed, in many a piece of chalk, a shell, coral, sea- 
urchin, or other marine oiganism, either entire or in 
fragments (Fig. 23). Such fossils as tliese make it 
certain that chalk must haA^e been formed under the 
sea. A little further examination Avill shoAV that the 
chalk not merely contains animal remains, but is 
altogether made up of them. If Ave were fortunate 
in the piece of chalk Avhich Avas trefited as recom- 
mended in a former Lesson (Art. 29), we found 
numerous little cases or shells (Fig. 3), quite like 
those in the Atlantic ooze (Fig. 22), together with 
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fragments of larger brolven shells and other organisms. 
The whole of the chalk evidently consists of animal 
remains, some (juite perfect, others so broken and 
ci’umbled that ne cannot be sure to what kind of 
sea-creatures they belonged. Do not be disappointed 
if, for a time, none of the chalk which is brushed 
off shows any distinct organism, but only shapeless 
white grains. These grains are only the mouldered 
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fragments of organisms, and if diligent search be 
made among them, some still tolerably entire and 
well-preserved specimens will no doubt be detected. 
If successful in the search, we may meet with some 
such assemblage of minute oiganic organisms and 
fragments of organisms as is represented in Fig. 3, 
which is a drawing of a few washed grains of the 
chalk of Gravesend. 

143. Some parts of the sea-floor are so densely 
crowded with shells, corals, corallines, sponges, and 
other organisms, that the remains of these creatures 
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are aggregated into a bolid limestone -rock, which 
* spreads over wide areas, and probably grows with 
comparative rapidity. This modei’n limestone has 
been observed to be S 2 )ecially prevalent in the 
tropical parts of the oceans, whci’e maiirie currents 
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transport abundant supjdies of food. Many ancient 
limestones have had a similar origin. Here, for 
instance, is a j)iece of ancient limestone (Fig. 24), 
taken from an inland (juarry. It has ])Con lying 
exposed to the air for many years, and its surface 
has been so etched away by the weather as to 
present in prominent relief a crowd of fragmentary 
“ stone-lilies,” corals, shells, and other remains. The 
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sight of such a piece of stone as this at onee sets us 
thinking about some old sea-floor. We can picture 
how all these delicately- sculptured little fragments 
once formed ])arts of living creatures which moved 
or rooted themselves beneath the clear waters of 
the sea. The bit of limestone becomes in our eyes 
a kind of model of what a sea-floor must be. It 
may, perha])s, remind us of wh«at we may even 
have seen with our own (iyes at the bottoms of 
rocky pools upon a sea-beach. (Art. 101.) 

144. If a little fragment of limestone could 
suggest such thoughts as these, what should we 
think of ranges of hills, and even mountains, made 
up of limestone — vast piles of rock two or three 
thousand f(‘et thick, and stretching over the land 
for hundreds of s<|uare miles? And yet such 
wonderful masses of limestone, crowded with the 
remains of old sea-creatures, may be found in almost 
every country of the world. In Britain, for example, 
the hills and dales of a great j)art of Derbyshire 
and Yorkshire are Iniilt up of limestone. In these 
picturesque valleys, the beds of liraestoiie wind 
along either side, and rise in broad terraces, one 
above the other, as far as the eye can reach. In 
walking along the surface of one of these high hill- 
terraces, we are really walking on the bottom of 
an old sea. Everywhere under our feet lie the 
crowded remains of the little animals which peopled 
the waters of that sea. Somehow the sea -bed has 
become dry land, and the thick animal deposits 
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of its bottom have hardened into limestone, out of 
which high hills and wide valleys have been formed. 

145. Some of the giant mountain- chains of the 
world consist in great measure of limestone. Among 
the lofty crests of the Alps, for example, in the 
chain of the Himalaya, and in the mountain-ranges 
of North America, limestone, made up of the remains 
of marine animals, and therefore once a portion of 
the sea-flooi*, is found to constitute great ranges of 
high ground on which rest the eternal snows. 

146. Summary. Before advancing further, it 
may be well to look back upon what has now been 
learnt, that we may see exactly the point to which 
we have come. A short abstract of the foregoing 
lessons may l)e thrown into such a summary as the 
following : — 

(1.) The surface of the land is worn away by 
rain and by streams, and a vast dciil of mud, sand, 
and gravel is consequently formed. 

(2.) This material, worn from the land, accumu- 
lates at the mouths of rivers, in lakes, and over the 
floor of the sea, so as to form great deposits, which 
will in the end harden into Sedimentary Bocks. 

(3.) Loaves, twigs, trunks, and other parts of 
plants, together with the remains of animals, become 
imbedded and preserved as Fossils in the sediment- 
ary accumulations. 

(4.) Plants and animals of themselves sometimes 
form thick and extensive deposits upon the surface 
of the earth. 
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(5.) The rocks that form much of the dry land^ 
have been deposited, for the most part, under the 
sea. 

(6.) Old land-surfaces which, like the coal-seams, 
once spread out into luxuriant forests, arc now buried 
deep beneath the present surface under masses of solid 
rock. 

147. We have advanced stop by step to these con- 
clusions, and arc quite sure of them, for we have 
tested everything on the way by actual observation 
of the facts. Again and again we have met face to 
face with proofs th;it, by some means or other, land 
and sea have often changed places. Wo have found 
old sea-bottoms even up among the crests of the 
mountains. We have discovered old forests buried, 
in the form of coal-seams, deep in the bowels of the 
earth. How can these wonderful changes have taken 
place? To be able to answer this question, we must 
learn something about the history of the third or 
Igneous group of rocks. 


IGNEOUS ROCKS. 

I. What Igneous Rocks are. 

148. The word igneous, meaning literally fiery, 
though it does not very accurately describe the rocks 
to which it is applied, has long been in use to include 
all rocks that have been actually melted within the 
earth, or which have been thrown out at the surface 
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l>y the action of volcanoes. What are called Igneous 
Rocks, therefore, owe their origin to some of the etiects 
of the great internal heat of the earth (Idiysical 
( Geography Primer, Arts. 2.‘)G-2G8). 

14^9. The first thing to ho noted in regard to 
Igneous Rocks, is their* relative scarcity, when com- 
pared with the great abundance and wnde diffusion of 
rocks belonging to the other* t\^o great classes. In 
Britain, for example, rocks belonging to the Sedi- 
mentary, and the Organically-derived series, are found 
everywhere from one end of the island to the other. 
But over considerable sj^accs not a trace is to be 
seen of any of the Igneous class. The whole of 
that part of England which lies to the south-east 
of a line drawn from Lyme Regis, by Leicester, to 
Flamborough Head, contains not a single mass of 
igneous rock, except mere fragments strewn over the 
surface, which have been transported from the north 
in a former geological period. And yet, no sooner 
does one cross into the mountains of N orth Wales, or 
into Cumbei*land, or Scotland, than igneous rocks 
present themselves in abundance, protruding through 
the surface, and forming many of the highest and 
most picturesque hills and crags in these parts of 
the island. In like manner on the Continent of 
Europe we may travel from the shores of Belgium 
across the North of (Germany and over the vast 
plains of Russia without encountering any but 
sedimentary rocks until we reach the chain of the 
Ural Mountains. Yet if we take our route from 
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the North-west of Franco through Central and South- 
eastern Europe we shall pass over innumerable 
protrusions of igneous rocks of many dilferent kinds 
and of many successive* ages. In North America 
similar observations may be made. In Canada and 
the Eastern and Central States of the Union there 
arc thousands of sepiare miles entii'ely free from 
igneous rocks, while on the other hand in some of the 
Western States such rocks cover enormous tracts of 
country. So far, therefore, as concerns geographical 
distribution, we see that though igneous rocks are not 
universally diffused, they occur almndantly enough 
in many places. They have a cinious and important 
history, which forms one of the most inten-esting 
chapters in the long record of the changes which 
the surface of our planet has undergone. 

150. In the account given of volcanoes in the 
Physical (leography Primer (Art. 258), the solid 
materials cast up by volcanoes aie stated to b(‘ of 
two kinds — (1) streams of molten rock called lava 
that flow down the sides of a volcanic mountain 
during an eruption ; and (2) sliowers of dust, sand, 
and stones, which are thrown into the air from 
the mouth of the volcano, and fall down upon the 
mountain, sometimes even all over the surrounding 
country for a distance of many miles. 

151. Lava cools and hardens into solid rock. 
The loose ashes and stones either remain incoherent 
or are in time pressed together and more or less 
hardened. Two distinct kinds of rock are thus laid 
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down upon the surface of the earth by volcanoes. 
Lava, examined with a magnifying glass, is seen to 
bo made up of distinct crystals all matted together. 
The ])cds of ashes, on the other hand, no matter how 
compact they may have become, arc found to be 
made up of irregular fragments of various kinds 
of stone, and of all sizes, from the finest dust up 
to big blocks. By attending to this simple and 
intelligible difterciicc we may arrange igneous rocks 
into two great groups — (1) the Crystalline, that 
is, those which are made up of crystals, and which 
have consolidated from a melted state; and (2) the 
Fragmental, that is, those which consist of the loose 
materials thrown out during volcanic explosions. 

152. 1. Crystalline Igneous Rocks. Cranite 
is an example of one variety belonging to this class. 
In our former examination of this rock (Art. 27), wo 
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saw how greatly it difiers from such rocks as sand-i 
stone and chalk. But there are many other varieties 
of crystalline igneous rock. Fig. 25, for example, 
represents a fragment broken from a current of lava 
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which, when in a molten state, ran down the side of 
a volcano. Tnttlc angular crystals, some of them 
black and large, otliers mere white specks, are 
scattered through the general mass of the stone. 
A numl)(*r of louiided cavities may likewise be 
observed, as if little water-worn pe1d)]es had fallen 
out of the iock. These holes are important because 
they prove that the rock was once in a molten state. 
Wliile in that condition, and still dee]) beneath the 
surface, it was full of imprisoned steam and other 
vapours and gases which, collecting into innumerable 
little bul>blcs as the molten mass rose, expanded 
them into the cui’ious set of vesicles now visible in 
the consolidated rock. Somewhat in the same way, 
the holes so often to be seen in the h(‘art of a loaf of 
bread, w(5re formed by the struggles of the steam to 
csca])e from the dough as it was heated in the oven. 

15:1. All lava belongs to this class of rocks. One 
or two ])ictures may serve to show some of the more 
simple and striking features of these lava masses. In 
Fig. 26 a drawing is given of part of the Island of 
Volcano, in the IVTeditcrranean, in which the lava that 
has risen up tlie inside or throat of the volcanic hill 
to the edge of the (‘rater (Physical rTeogra])hy Primer, 
Art. 259), has run down the outside of the slope. 
When that took place the lava was, of course, 
thoroughly molten like licpiid iron, and hardened as 
it cooled in moving. Observe that it has not been 
able to roach the bottom of the hill. It was, in truth, 
an insignificant stream, cooling and hardening before 
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it gained e\ en the foot of the slope But look now 
at Fig 27 So much more copious ca stieam of la\ci 
has there issued, that one side of the volcanic cont‘ 
has been broken down by the miss of led hot oi white 
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hot la\a whith has theie burst out, and poured down 
the slope like a black lugged iiver We can conse 
quently see into the intenoi of the crater, even from 
the plain below Each outburst of lava is the escape 
of a stream of molten lock from the top oi the side 
of a volcano Like an oidmiry ri\ei of watei, it of 
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year 1783, two enormous streams were poured out, 
one of them flowing to a distance of forty, and the 
other of forty-five miles. They ranged from less than 
seven, to twelve or- fifteen miles in Ineadth, with a 
thickness of a hundred, and sometimes in confined 
valleys even six hundred feet. 

151. A moving lava-stream is one of the strangest 
sights in nature. AVhere it first escapes from the lip 
of the crater, or from some icnt in the side of the 
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volcano, it glows at a white heat, and flows like molten 
^ iron. But a few yards below the point from which it 
issues, it grows duller and darker, just as a live coal 
does when it falls from the grate upon the hearth, and 
the surface of the lava at the same time cools and 
solidifies so quickly that in a few days we may stand 
u])on it, ev(*n though, only a foot or two below, it may 
still be red-hot, and will set fire to a stick thrust into 
its crevices. As the mass cools, its movement becomes 
more sluggish. It looks like a Aast heap of cindei* 
blocks, or like the refuse “ slags ” and “ clinkers ” from 
extensive furnaces. Slowly creeping onward, the front 
of the stream pushes forward, prostrating trees, houses, 
or other objects in its path, and burying them under 
its mass. The rough black and bro^vn blocks grind on 
each other, and roll down the slope with a harsh 
metallic sound. Steam still rises from many crevices 
of the lava, and hot blasts of stifling vapours are 
blown across from it with each breath of Avind. 
Even when the mass has finally come to rest, its 
inner parts remain still hot for many yeai's, as will 
be more particularly alluded to on a later page 
(Art. 171). 

17)5. Could we cut open such a lava-stream f^jorn 
top to bottom, or were we to examine the section of an 
older one laid bare by a river, we should find that below 
the upper mass of rough black or dark-brown slag-like 
lumps, the rock becomes more compact, is commonly 
dark, almost black in colour, and full of crystals, some 
of which are extremely minute, others being Large 
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enough to 1)6 coiispicuoub to the naked eye Some 
poition^ ML might obseivc to be full of steam holes (as 
in Fig. 25), \Mth heic and theie a large rough cavity, 
pel Imps liiud with delicate cnstals uhich had taken 
foi in dui mg the slow cooling of the mass. Some lava 
sti earns, in cooling and con ti acting, hive assumed a 
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cuiipiis and Ixautiful intiinal aiiangi merit into six 
sided oi iiiegulii columns The basalt pillars of 
Fing.il s Ca\ c in Staffa (Fig 2S), and of the Giant’s 
(^auseway in An turn, have been pioduced in this way 
This columnai aiiangcment may be imitated by 
putting a quantity of starch in warm water, stirring 
it well round, and then letting it stand As the 


WHAT IGNEOUS ROCKS ARE 95 

starch dries and grows solid, it assumes an internal 
disposition into columns or prisms not unlike 
basalt. 

156. liocks of this kind occur round the flanks of 
many activ^e volcanoes, such as Vesuvius or Etna. But 
they may also be found where the volcanoes are no 
longer active, as, for example, in (Central France, 
where a great series of extinct volcanoes occurs, of 
which one is draAvn in Fig. 27. Learning to recognise 
the true characters of lava, we should be able to detect 
volcanic rocks in hundr-cds of places where no \ olcanic 
eruption has ever been known since human history 
began. These r(X*ks are witnesses tliat volcanoes were 
at work, in far distant times, in districts where perhaps 
there are now busy cities or fertile fields. 

157. For example, though no active volcanoes 
exist in Great Britain at the present day, they can be 
shown to have often broken out there in olden times, 
long before man ap])eared u])on the earth. And not 
only so, but they can be proved to have been active, 
now in one part of the country, now in another, during 
a vast succession of ages. Some of the oldest traces 
of them are to be met with in North ^^'^ales, where 
not a few of the lava-beds form prominent features in 
the scenery of that rugged district. Much younger 
are the sheets and knobs of lava which rise into con- 
spicuous hills across the middle of Scotland. But 
the latest of the British eruptions were those which, 
in a long line from Antrim in Ireland, through the 
Western Islands and the Faroe Islands, away north 
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into Iceland, built up piles of lava-sheets into what 
are now vast ranges of terraced hills and table-lands. 
So, too, in France, though no active volcanoes now 
exist, fibundant remains of them are to })c found at 
intei’vals from Brittany to IVovence. The basin of 
the Rhine and many regions of South-eastern Europe 
likewise abound in the ruins of ancient volcanic hills. 
On the western side of the chain of the Rocky 
Mountains, enormous volcanic eruptions once took 
place, though the underground energy has been long 
quiescent. In Oregon, Washington, (California, Idaho, 
and Montana, a mass of molten rock has been poured 
out to a depth of 2000 or 3000 feet, over an extent of 
country estimated to be larger than France and Great 
Britain put together. 

158. But there are other crystalline igneous rocks 
besides those which rise to the surface and flow out 
there as molten lava. Granite, for exam})le (Art. 
27), is an admiralile illustration of the crystalline 
character. This rock appears not to have been ejected 
at the surface, but to have crystallized and cooled 
deep down beneath great masses of other rocks. Yet 
it now forms bare, naked, lofty mountains. Many 
of the Scottish Highland hills — for example, Ben 
Nevis, Ben Macdui, and (^airn Gorm — consist chiefly 
or wholly of granite. The same rock rises high, too, 
in the centre of the chain of the A1])S, and in the 
higher mountain -ranges of the globe. Veins or 
])ranches may often be noticed proceeding from a 
mass of granite into the suiTounding rocks. These 
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could not liavc l)een formed had not the l ock been in 


a fluid or jiasty state. 

159. But, it may bo asked, if granite lias not crys- 
tallized at the surface, but uridoi* masses of other 
rocks, how does it come to lie at the surface now, 
even towering among the crests of bare, lofty moun- 
tains ? This question is not quite so easily solved, 
but the way in which an answer must be sought 
for it will probably be better understood after that 
])ortion of these 1 wessons has been read which treats 
of tlie “Crust of the Earth” (Art. 173). 

IGO. 2. Fragmental Igneous Rocks. The 
piece of stone represented in Fig. 29 is a fragment 
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from a bed of consolidated volcanic ashes. It is 
evidently made up of irregular, angular pieces of 
stone. These are fragments of lava and other rocks, 
which have been blown into the air by the discharges 
of the volcano. It is further olivious, from this speci- 
men, that when they fell to the ground and accumu- 
lated above each other there, these ejected fragments 
took a stratified form. The layer of large fragments 
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fit the bottom points to a shower of coarser volcanic 
ashes, while the layers of snniller fragments above 
show how showers of finer dust afterwards fell through 
the air. Now this is the kind of material under which 
the old Koman city of l\)mpeii was buried (Physical 
Geography IVimei*, Art. :i62). It fell upon the streets 
and houses, which, fis the ei*uption of the neighbour- 
ing volcano continu(‘d, were gradufilly buried. And 
at this day, Avheii they ex(*avate the ruins, the work- 
men find the streets and chambers all choked up with 
layers of cofirs(‘r and finer volcanic ash and dust. 

161. Of course, if volcfinic ashes fall over the sea 
01 ’ a Like, they will settle down beneath the water and 
form a deposit there. They may cover up and pre- 
serve, too, the remains of any plants or animals lying 
on the bottom at the time of the eruption. This has 
often happened in ])ast times. In the mountain of 
vSnowdon in AVales, for example, many hundreds of 
f(*et of such consolidated a olcfinic dust still exist, and 
out of this materifd one may still pick shells find 
other marine organisms, which show thfit the volcanic 
materials fell into the sefi. Again, in Scotland many 
beds of similar nfiturc are found lying among seams 
of cofil. These masses of consolidfited volcanic dust 
and stones are known by the name of TufiE 

II. Where Igneous Rocks come from. 

162. It is evident that Igneous Rocks have come 
up from some intensely hot region within the earth. 
Of the total mass of our planet, we can examine only 
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the outer layers, which, though th(5y extend from the 
top of the highest mountain to the bottom of the 
deepest mine, form Imt a small portion of the whole 
globe. Let us here go over, a little more in detail, 
the evidence for the great heat of the earth’s interior, 
and the connection between that h('at and certain 
movements and changes at the surface. 

1G3. Deep Borings and Mines. At the bottom 
of a deep mine, the tcmj)erature is usually much 
wai-mer than near the surface, and, on the whole, 
th(‘ deeper the mine*, the greater the warmth. In the 
same way, when a deep boring is made into the earth 
foi* water, a self- registering thei’mometer, let down 
to the bottom, shows that a higli temperature exists 
lielow, and when water I'ises, it is found to be wanii. 

1G4. Ex])eriments of this kind have been made 
all o>'er the globe, with the result of showing that, 
at a short but variable* distance below the surface, 
the tera 2 )eratur‘c remains the same all the year, but 
that underneath that limit, it rises 1 Fahrenheit for 
about every sixty feet of descent. If this rate of 
increase continues, we should get uncomfortably hot 
before having descended veiy far. For instance, at 
a depth of about two miles, water would be at its 
boiling- j)oint, and at depths of twenty-five or thirty 
miles, the metals would have the same temperatures 
as those at which they res])cctively melt on the^ 
surface of the earth. It is clear, from this kind of 
evidence, that the inside of our planet must be in 
an intensely heated condition. 
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165. Proofs of another kind lead to the same 
conclusion. The city of Bath has long keen famous 
for its wells. Now these come out of the earth at 
a temperature of 120° Fahr., that is, hotter than the 
water is usually made in a warm bath. And this 
warm water has been rising to the surface and 
flowing to the sea ever since the Bomans were in 
the country (for remains of their baths have been 
found there), and probably long before their time. 
In many other parts of the world similar Hot 
Springs occur. Iceland, New Zealand, and the 
Yellowstone Park of AVyoming in the United States, 
furnish remarkable examples called Geysers (that is, 
Gushers ”), where, at intervals, the boiling water 
and steam gush out with a gi-eat noise, and rise high 
into the air (Fig. .‘10). To keep up hot springs in 
every quarter of the globe there must assuredly be 
great stores of heat within the earth. 

IGG. But the heat neither of deej) mines nor of 
hot springs affords such an impressive lesson as to 
the earth’s internal high temperature as is furnished 
by Volcanoes. The hot vapours and steam that 
rise from the craters of volcanoes, the torrents of 
hot water that sometimes issue from their sides, the 
streams of molten lava that break out and roll far 
down the slopes of a volcanic mountain, burning up 
and burying trees, fields, gardens, and villages — are 
all tokens of the intense heat of the inside of the 
earth from which they come. 

167. At the present time there are, it is said, 
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mount iins hicli r uifijc dlon^ the n estorn margin of 
the American continent, volcanoes ire numerous, 
some of them of vast height, like Cotopaxi (19,50(i 
feet) From the northern extremity of Amenca 
they extend, by a\*iv of the Aleutian Islands and 
Japan, to the Mala} Archipelago, where in Java 
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they greatly abound From that point they may 
be traced at wide intervak into New Zealand on 
the one hand, and on the othei thiough the centre 
of Asia by way of the Red Sea and the Mediter- 
ranean, up to Iceland and down to the A /ores, and 
thence across to the West Indies and the centre of 
America Even among the perpetual snows of the 
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South Polar legions they have been met with, and 
also far within the Aictic riicle at the Island of 
Jan Maven. 

1G8. But besides the Aoleanoes winch aie still 
active, some 400 others occur from which no erup- 
^tions have ever been seen to take pla(‘e, and which 
are therefore called dormant (see Figs. 27 and 
31). If we were to maik on a map the position 
of every place on the earth’s surface where, either 
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now or at some past time, hot gases, steam, ashes, 
or lava are, oi have been, omitted, we should find 
few coiintiies to be without some ti ue of iccent oi 
ancient ^olcanlc action A map so milked would 
show how widespreid \olcanic action Ins been, on 
the whole oier the globe ind theiefoie how power 
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fully and generally th( he it of tin niteiioi has 
manifested itself at the suifacc 

169 But Igneous Itocks do not fin rush the onl} 
evidence that the intcinal heat iffecls the surface of 
the earth The moie poweiful kinds of Earth- 
quakes (Ph\sieil Geogiaphy Piimei, Ait JO*)) are 
piobably to be ascribed to eonimotions which tak(^ 
then origin from the effects of the loss of he it As 
bodies expand when heated, and contract as they 
cool (Physics Piimcr, Ait 19), the eiith when it 
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was vastly hotter than now, must have filled more 
space. Hence, in cooling, it has been gradually 
diminishing in size. This contraction of bulk prob- 
ably does not take place continuously and equably, 
but rather at intervals, in sudden snaps, especially 
along lines of mountain -chain. Such convulsive 
shocks give rise to earthquakes, which travel out- 
wards from the centre of disturbance, in wave-like 
undulations, through the solid crust of the earth. 

170. Perhfips the question m[iy be asked why, 
since the inside of the planet is so hot, does it not 
melt the outside, or at least why is the outside not 
warmer? There can be no doubt that, at one time, 
millions of years ago, the globe was immensely hotter 
than it is now. In fact it may once have rcseraljled 
our sun, of which at first it probably formed a })art, 
and from which it and the other planets have one by 
one been detached. During the vast inter\ al which 
has passed away since then, it has been gradually 
cooling, and thus the heat in the inside is only the 
residue of that fiei'ce heat which once marked the 
whole planet. The outer parts have cOoled and 
become solid, but they are bad conductors of heat, 
and allow the heat from the inside to pass away into 
space only with extreme slowness (Physics Primer, 
Arts. 64, 05). Hence, in spite of the high tempera- 
ture of the interior, we are not sensible that it 
warms the outer surface of the earth. 

171. If we reflect upon ihe history of a lava- 
stream, we may not find it so difficult to understand 



"WHERE IGNEOUS ROCKS COME FROM 105 

why there should be such ii dih'erence between the 
temperature of the interior and that of the surface 
of the earth. Lava comes out of a volcano like so 
much liquid white-hot iron. We cannot go near to 
it on account of its intense heat, and its bright light 
is dazzling to look at. (Art. 154.) Yet only at a 
short distance from where it issues in this intensely 
hot, glowing, liquid condition, the mass, as already 
stated, soon becomes })lack, hard and cool enough on 
the surface to be walked on. But the inside, below 
this cool outer crust, may still be red-hot. Could we 
return to such a lava-stream a dozen of years after- 
wards, though its surface would be pei'fectly cold — 
a mere rough sea of l)lack bristling lumps of rock — 
yet down in the depths of the mass the heat might 
still be so great as to supply continual clouds or 
wreaths of steam, from rents into which one could 
not put one’s hand without having it burnt. Now 
if a mere river of lava takes so long to cool down 
to its centre, we need not be surprised that the huge 
mass of our globe should still be intensely hot inside, 
even though its outer portions have been solid and 
cool for long ages. 

172. Besides earthquakes above alluded to (Art. 
169), other effects of the eai'th’s contraction are 
visible among the rocks. An enormous pressure or 
strain is exerted on the outer parts, which, since they ^ 
are made of such very various materials — Sediment- 
ary, Organically-derived, and Igneous Rocks — yield 
to the stress more in some places than in others. 

H 
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And thus, somewhat like the skin of a dried and 
shrivelled apple, the surface of the globe has been 
ridged up in one region, and has sunk down in 
another, besides being squeezed and broken. The 
evidence that can be brought forward to support 
these statements will be given in the next Lessons. 


THE CRUST OP THE EARTH. 

I. Proofs that parts of the Crust have been 
pushed up. 

173. We have now completed the first part of 
the task which was proposed in an earlier Lesson 
(Art. 41), — to find out what the materials are of 
which the gi’eat stone floor of the earth is made. 
We have learnt something about three great classes 
of rocks which form that floor — how they were 
made, and where they are to be seen. But while 
learning these facts about the earth, we have found 
that the rocks are not a mere' thin covering like a 
wooden floor, below which we should come to some- 
thing quite different. We cannot get down beneath 
the rocks. Deep as the deepest mine, the same 
kind of rocks may be found which elsewhere exist 
at the surface. It is always through rock of some 
kind that we must descend, as far as we can pene- 
trate into the bowels of the earth. 

174. This solid, rocky, outer part of the earth on 
which we live, into which men sink mines, and out 
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of which springs arise, is called the Earth’s Crust. 
This name came into use when ])eople supposed the 
inside of the planet to be an intensely hot liquid 
mass, with a cool and comparatively thin crust 
outside. A great deal of dispute has arisen as to 
whether the main mass of the inside of the earth is 
liquid or solid, but those who dispute, whatever their 
view may be, agree to use this phrase, “ the Earth’s 
Crust,” as meaning that part of the earth which men 
can observe from the top of the highest mountain to 
as far below the deepest mine as they can reasonably 
infer what the rocks must be. 

175. The rocks of which this crust consists 
belong in large measure to the Sedimentary series, 
abundantly also to the Organically-derived series, while 
a smaller but still considerable proportion of those 
which appear at the surface belong to the Igneous 
series. Deep down below the upper stratified parts, 
all the rocks are no doubt such as would bo classed 
in the Igneous division. The thickness of those 
stratified parts is considerable. In Britain, foi- 
example, if we could put all the difterent series of 
sedimentary and organically-derived rocks togethei*, 
one above another, in the order in which they were 
deposited, they would form a mass at least ten or 
twelve miles thick. Out of such materials the solid 
land is built, as far down as man has been able to j 
penetrate. 

176. But from what has been stated in previous 
Lessons, it is clear that many rocks are not now in 
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their original positions. The quarry, for example, 
which was used to illustrate the way in which 
stratified rocks are made to tell their story (Art. 
104), proved beyond any question that its site, 
though now dry land, once formed a part of th(‘ 
sea-bottom. Then, again, the coal-seams, buried so 
deep in the earth, were once verdant forests or 
jungles at the surface (Art. 128). How could a 
sea- floor become dry land, and how could a forest, 
on the surface of the land, be covered by hundreds 
of feet of solid stone ? 

177. li(‘t us begin by considering how a portion 
of the floor of the sea can l)e changed into dry 
land. And in order to follow the change as clearly 
as possible we may choose one of the simplest 
kinds of ]iroof, of which the shores of Wester*ri 
and North-westei'ii Europe furnish many interesting 
examples. 

178. Jiound the coast line of the northern part 
of Britain, and much of the coast of Norway, there 
runs a succession of shelves or terraces which wind 
in horizontiil lines one above another- for mile after- 
mile. One of the lowest of these lines forms a 
cons})icuous feature on ])oth sides of Scotland, where 
it makes a low flat platform, bounded by the sea on 
the one hand, and by a clift* or inland slope on the 
other. Seaport towns have been built upon this 
terrace, such, for instance, as parts of Glasgow, 
Greenock, and Leith. It is so level that roads run 
along its sui-face for* miles, among cornfields, meadows. 
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^ .'iTid villages. Some notion of its general appearance 
is given by Fig. 33, which shows how flat it is, and 
how little elevated above the sea at its outer edge. 
Along the inner margin there often rises a line of 
clift' pierced with caves, as represented in the draw- 
ing. Standing on some part of this terrace and 
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looking along its IcaoI surface, as it winds in and 
out against the elifts and slopes of the land, ve can 
hardly fail to be struck by the resemblance of the 
ground to an old coast-line. Wc may vdthout 
difliculty picture the sea covei'iiig the terrace and 
beating against the base of the cliffs and slopes. 

179. Could we prove this idea to be anything 
more than mere fancy ? Let us see. Cross to the 
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inner margin of the terrace and consider attentively 
the line of caves there. How were these excavations 
drilled into the solid rock, all along the same line 
and exactly at the same level, so that the floor of 
each of them should just open upon the flat terrace ? 
Festoons of ivy and honeysuckle hang perhaps in 
tangled luxuriance across their openings, and were 
we to enter one of them, it might be only after 
forcing our way through a brushwood of strong 
briars. Gaining the floor of a cave, we find it 
roughened with rounded, water -worn stones. The 
roof is partly hung with ferns, mosses, and liverworts, 
and the sides too have their drapery of green. But 
the bare rock appears everywhere, and we notice 
that it has been rubbed smooth, and has the same 
water- worn charactei* as the stones \inder our feet. 
On the other hand, the rocks of the cliff above are 
rough and sharp-edged, as year after year they split 
u]) under the influence of the weather. The walls 
of the cave have been ground smooth from one 
cause, the face of the cliff* has been made rough 
from another. 

180. The explanation of this difference will be 
found on any rocky beach exposed to the swell of 
the sea. We have already (Arts. 6G-68) learnt 
that the base of a sea- cliff of hard rock, wherever 
the waves can reach it, is worn smooth by the 
ceaseless grinding of the gravel and stones. Every 
cave, into and out of which the waves drive the 
gravel, is ground down in the same way. A single 
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forenoon, spent on such a coast-line, teaches a lesson 
we can never forget as to the way in which rocks 
have their surfaces smoothed by the waves. But 
all that part of the cliff which lies above the reach 
of the breakers, comes under the influence of other 
forces. Bain, frost, and springs, combine to split 
and loosen the face of the cliff, and impart to it 
that rough, angular appearance which contrasts so 
well with the water- worn rocks below. 

181. After having observed what is taking place 
now along a sea -cliff', and having compared the 
appearances to be seen there with those exposed 
along the line of cliff' which rises from the inner 
margin of our terrace, we find them to be so pre- 
cisely similar as to justify the inference that this 
line of cliffs once rose along the edge of the sea, 
and that the waves, beating against its base, bored 
the line of caves, as they are still doing elsewhere. 
The line of that inland cliff thus stands forth as 
a monument, to mark what in some ancient time 
was the edge of the sea. 

182. But further proofs of the former presence of 
the sea will be found when we put questions to the 
teiTace itself. Beneath the surface of the terrace, 
sand and gravel, sometimes with abundance of shells, 
may be observed in every excavation. The outer 
margin of the terrace, where the sea is gradually 
cutting it away, exposes a section of the sand and 
gravel (Fig. 34), which are there seen to have been 
laid down in layers, just as they are now being 
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deposited on the beach below. We note that the 
shells belong to the common kinds which are washed 
up by every tide upon the sands. discover 

that, in truth, the terrace is simply an old beach, 
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and that the sea must have laid down the sand and 
gravel, when it was scooping out the caves at the 
foot of the clih'. Thus the terrace and the caves 
combine to prove a chang(‘ in the coast -line. 

183. T)V measuring the heiglit of the floor of the 
caves and the suiLice of tlie terrace above the })resent 
liigh-water mark, we caji ascertain the difference of 
level between the j)i*esent beach and the old one. 
Let us su])pose that this difference is, in the present 
case, twenty feet ; it is plain that the land must 
have risen, or the sea must Inn e sunk, to the extent 
of twenty feet. 

184. A\'hen we watch the restlessness of the sea, 
with its (jver-moviiig surface, its ebbing and flowing 
tides, its waves and currents, and contrast with this 
ceaseless motion the calm steadfastness of the land, 
we may naturally enough su])posc that, in any 
Changes of the relative position of land and sea, it 
is much more likely that the sea should have shifted 
its place than that any alteration should have 
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happened to the land. But we cannot suppose that 
a change in the sea-level at any place would be 
confined to that place ; it would necessarily extend 
])eyond it. If we deepen the bottom of one end of 
a pond, the level of the water does not fall just 
over that part, but is lowered over the whole pond. 
In the same way, if a quantity of stones and earth 
be emptied into the pond, so as to make one part 
much shallower than the rest, the level of the water 
is not rjiised only over that ])art, but uniformly ovei* 
the whole. 

185. What we call the sea-level is not by any 
means uniform. It may be several inches or feet 
higher on one side of a country than on the other. 
There are several causes which may produce con- 
siderable variations on its distance from the centre 
of the earth. One of these causes is the attraction 
exerted by large masses of land. A great chain of 
mountains like the Andes draw,^ iij) tin* surface of 
the ocean towards the high land, so that any serious 
change in the height of a continent would affect 
the level of the neighl>ouring sea. Any such alter- 
ation of the surface of the sea, however, would not be 
confined to a limited area, but would afi’ect a wide 
region. It is possible that in some cases the lines 
of old sea-margin may be due to an actual sinking 
of the surface of the sea. But in others where the 
terraces undergo local diversities of level, they must 
be explained in another way. 

186. Not only do the lines of ancient sea-margin 
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display inequalities of level, they sometimes die out 
even in places where they might have been expected 
to be well marked. They are characterised by a 
want of uniformity and parallelism which seems to 
point to some othei^ operation than a rising or falling 
of the great body of oceanic water. These features 
are well exhibited in the British Isles. Limited as 
is the coast-line of these islands, it affords abundant 
evidence not only that there has not been any 
general subsidence of the ocean over that region, 
but that some of the changes of level, which have 
strikingly affected certain parts of the country, have 
not extended into others. On both sides of Scotland 
the ancient sea-mai’gins are conspicuous in many 
places. But they disappear towards the north, being 
absent in the Orkney and Shetland Islands, where 
there are many sheltered inlets in which they would 
almost certainly have been preserved had they ever 
existed. Again, along most of the coast-line of 
England they do not exist, but another group of 
them at other levels appears along the south coast. 

187. If we pass from the Shetland Isles, where 
the terraces are absent, to the coast of Norway, we 
come upon another and still more remarkable series. 
They rise one above another as level parallel lines 
which wind along the sides of the mountains that 
rise from the fjords. In the north of the country 
they occur in great perfection (Fig. 35), up to 
heights of six hundred feet or more. But the same 
terrace does not preserve everywhere precisely the 
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same height above the sea Again, a terrace, con 
spicuous on one part of a coast line, may be wholly 
absent at another, wheie perhaps anothei at a 
different elevation may be prominent These \aria 
tions seem to indicate that the terraces have not 
been caused by a general intermittent sinking of the 
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sea level, for, in that case, we should expect much 
greater uniformity among them 

1 88 Strange as the statement m i\ seem, it is 
nevertheless, in the main, tiue, that it is the land 
which rises, rathei thm the sea that sinks On^ 
this view of the case, it is easy to sec why there 
should ])c terraces in some countries and not in 
others, ind vliy the same terrace mav even vary 
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in height at different parts of its course. For the 
land has evidently been pushed up at one place 
and not in others, and more at one place than 
in another. The old sea- terrace (Fig. 33) is called 
a Raised Beach, because it consists of gravel, sand, 
and other beach deposits, which have been raised 
above the level of the sea. 

189. Every raised beach points to a former sea- 
margin, and to an elevation of that sea-margin into 
dry land. Where a number of terraces occur one 
above another, as in Norway (Fig. 35), they show 
that the land has been raised up at intervals for a 
long period, the time when it was stationary between 
two uphea^als being marked by a terrace or raised 
beach. Of course the highest terrace must needs be 
the oldest, and for that reason is often less perfect 
than the newer ones, having sutlered more from the 
various forces, such as rains, frosts, and streams, which 
are so busy in making the surface of the land crumble 
away. (Physical (xcography Primei*, Arts. 133-147.) 

190. In some parts of the world the ground can 
almost be detected in the very act of rising. In the 
North of Sweden, for example, rocks have been 
marked at the place where high-water reached them, 
and in the course of years have be(‘n found to be 
considerably above their former level. From obser- 
vations of this kind it has been inferred that the 
land there is rising at the rate of seven feet in 1 54 
years. This might be thought to be too slow a move- 
ment to be appreciated, except by careful measurement; 
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and yet if it were to go on for a thousand years, 
what is now the heach Avould have risen to a height 
of forty-five feet above the sea-level. 

191. The upraising of the bottom of the sea, 
therefore, strange as it may seem to us, is not entirely 
a thing of the past. It is going on slowly at th(‘ 
present time in several parts of the globe. And just 
as the coast of Sweden has been rising with no 
violence or shock, so in old times the upraising of 
the sea-bed into dry land may have been a gentle 
and tpiiet process. 

192. The rocks of every country furnish abun- 
dant evidence that the sea-bottom has again and again 
been turned into land. This evidence is mainly 
furnished by the remains of corals, star-fishes, shells, 
and other sea-creatures imbedded in the rocks (Arts. 
94r-103). The height at which these remains are 
found above the sea affords some idea of the extent 
of the uprise. The shells of the raised beach alr(*ady 
described (Art. 182) indicated a rise of only some 
twenty feet. But if we found such sea-shells forming 
parts of a mountain crest at a height of twenty thou- 
sand feet, they would prove that the bed of the sea 
had been elevated at least to that extent (Art. 1 1 3). 
By this kind of evidence it can be shown that by 
much the greater part of the dry land has been raised, 
piece by piece, out of the sea, and that the inove-^ 
ments have been far from regular or uniform, seeing 
that some parts have been upheaved to a much greater 
height than others. 
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II. Proofs that parts of the Crust have 
sunk down. 

193. We have now traced out some facts which 
show that the surface of the globe has from time to 
time been pushed up, so that parts of the seii-bottom 
have become dry land. But other movements of 
exactly an opposite kind have turned parts of the land 
into the bed of the sea. 

194. Along certain tracts of the coast- line of 
Britain, as, for example, on the coasts of Devon and 
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Cornwall, and on that of the Firth of Tay, between 
high and low water mark, there may here and there 
be seen, protruding from the flat sandy surface of 
the beach, daik stumps, which on closer examination 
prove to be the lower ends of trees When the sand 
of the beach is scraped away, dark loam or earth is 
found below it, in which the tree-stumps lie, and from 
which we may pick up hazel-nuts, leaves, twigs, and 
now and then perhaps the wing-case of a beetle, or 
the bone of some land animal. The stumps are all in 
the usual upright posture in which trees grow. The 
dark earth in which their roots spread is clearly an 
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ancient soil, in which to this day may be gathered 
the very leaves, twigs, and nuts that fell from the 
trees, and fragments of the insects that lived amid 
their decaying timber. We have evidently here 
before us the remnants of an old forest or piece of 
woodland. 

195. But could the trees ever have grown at the 
level at which their remains are now to be seen ? By 
no means. The hazel, birch, alder, and oak, of which 
the stumps mostly consist, would be killed if their 
roots and trunks were to ])e permanently submerged 
in the sea. None of these trees is ever to be seen 
growing below tide-mark now, and we cannot suppose 
that they ever did grow there. If they must have 
lived on the spot where their remains still exist, and 
if they could not have grown up in the sea, then, 
either the sea must have risen up so as to cover them, 
or the land must have sunk down so as to submerge 
them. But we have already learnt (Art. 1 88) that in 
such cases of change of position, though the sea may 
sometimes alter its level to an appreciable extent, 
such limited effects as the local submergence of the 
trees should rather be ascribed to a sinking down of 
the land. These Submerged Forests, therefore, 
may generally be regarded as evidence of subsidence 
of the earth's surface, just as raised beaches are taken 
as proofs of upheaval. 

196. A little reflection will convince us that it 
must be more difficult to trace evidence of ground 
having sunk, than of its having risen in level. That 
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this must be the case, will appear if we consider that 
when any district is undergoing submergence below 
the sea, the waves gradually obliterate the chai’acter- 
istic features of the land-surface, especially the soil 
with its mantle of vegetation, as the submerged 
forests are now being slowly washed away ; while, 
on the other hand, when the bed of the sea is 
turned into dry land, such traces as raised beaches, 
and old sea-worn caves, being placed above the reach 
of the waves, remain to mark the space which the 
salt water once covered. 

197. In different parts of the globe, it has been 
observed that the sea appears to be gradually rising 
upon the land. For examjde, the southern part of 
Greenland for sevei’al hundred miles has during the 
last few centuries been slowly subsiding, so that 
rocks which once lay above the limits of the tides 
are now submerged, and the dwelling-houses of the 
inhabitants have required to be shifted farther and 
farther inland. 

198. Other proofs of the same fact have already 
been referred to in the foregoing Lessons. Beds of 
coal, which once flourished as green forests at the 
surfac(i, are now found buried dee]) within the earth 
(Art. 122 and Fig. 18). By what process did they 
get there ? 

199. Coal-pits are often more than a thousand feet 
deep. Could we look at all the rocks which have 
been cut through in making the long shaft of a pit, 
we should probably find among them other coal-seams 
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than the one which the colliers are excavating at the 
bottom. In fact, several seams are sometimes worked 
at different levels in the same pit, as represented in 
the section in Fig. 37, which shovs how the rocks lie 
one above another. The seam down to which the 
shaft has been sunk in this pit is the fiftli of the 
series, but it has been chosen probably because it is a 
better kind of coal than the other four seams above 
it, and brings more money in the market. 



Fig. 37 — Section of the Stiata m a Coal jiil. i, Coal-seams ; /, a fault or 
fraituic of tin iocl\s 

200. Such a section as that in Fig. 37, representing 
what may be m(*t with in any coal-field, reveals a 
strange series of re\ olutioiis in the geography of the 
region, whereby successive forests have been buried 
I 
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underground. Each separate coal-seam was evidently 
at one time a verdant plain, o{)en to the sun, and 
bright with many a graceful tree and fern. But 
they have all been bui‘ied, one after another, uiider 
thick sheets of sandstone and shale. Moreover, 
upright stems of trees, now turned into stone, are 
sometimes found in the sandstones and shales, 
standing in the jiosition in which tlj(‘y grew, with 
their roots imbedded in the ancient soils. (Fig. 38.) 

201. The lowest strata arc of course the oldest 
(see Art. 107). Hence the undermost coal-seam 
must have been buried before the later forests could 
spring up on its site. It grew probably in a wide, 
marshy plain, or a lagoon of shallow water, during a 
time when the l egion was slowly sinking below the 
sea — perhai)s with intervals when the subsidence for 
a time ceased. Sand and mud, carried into the 
water from some neighbouring land, were laid down 
upon the submerged forest, and form now the beds 
of sandstone and shale which overlie the coal-seam. 
The sediment brought into the wide and shallow 
lagoon would, in the end, raise the muddy bottom 
up to the surface, and thcj'cupon a new mass of 
vegetation would take root, and another luxuriant 
growth would provide material for a second seam 
of coal. But thereafter, the downward movement 
of the ground again showed itself, for the second 
forest was submerged under renewed accumulations 
of sand and mud. Hence each coal-seam seems tc 
mark a time when subsidence had nearly or entirely 
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coasccl, and when a thick growth oi vegetation 
spread ovei the swamps, while the sandstones and 
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shales indic«ite a renewal of the downward mo\e 
ment and a fresh inpourmg of sediment 

202 It thus appears that our coal-fields weie 
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formed in sinking I’egions, and that the downward 
movement was not continuous, l)ut went on at 
intervals. That it must have keen prolonged 
through vast periods of time is apparent from the 
fact that tli(i strata of the coal-fields are several 
thousands of feet thick, and must hav(' needed loiig 
ages foi* theii* formation. 

203. Two facts are now clear to us about the 
crust of the earth — (1) parts of it have often been 
pushed outwards, so as to rise above the lev(‘l of 
the sea; and (2) parts of it have also often sunk 
inwards, so as to carry tracts of the land beneath 
that level. "But it could not undergo these mo^e- 
ments without suffering other changes, which will 
be considered in the next Lesson. 

III. Proofs that the Rocks of the Barth’s 
Crust have been tilted, crumpled, and broken. 

204. If we consider that the crust of the eaith 
has often been jnishcd up and let down, we shall 
not be surprised to find that the rocks have not 
only been shifted up or down, but have been 
crumpled up and broken across. Hence the crust of 
the earth, instead of being made of regular layers 
one above another, like the coats of an onion, has 
been so squeezed and fractured, that in many cases 
the bottom or oldest rocks have been pushed up far 
above the newest. 

205. Clearly to follow the proofs of these great 
terrestrial movements, let us begin with a simple 
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case, l)y turning back to the view and section of the 
liaised Heach in Figs. .33 and 34. The sand and 
gravel bods, once below high-water mark, now rise 
well above it, but they have not otherwise been 
disturbed. They still lie horizontally as they used 
to do. But Avould this be the case everywhere along 
that terrace? A^'e found (Art. 18G) that such 
terraces die out in certain directions, vary in level, 
and indicate local rathei* than Avidespread or univei’sal 
movements. Although a raised beach may retain the 
same level for many miles, still between the hori- 
zontal strata Avhich were upi*aiscd, and those, which, 
lying outside of the elevated district, remained un- 
changed in IcA el, there must ])e an interA cning space, 
longer or shoi’ter, Avhere the strata slope down from 
the ujdifted to the stationary ground. 

206. To make this clcai'ci*, suppose by Avay of 
illustration that Ave j)laee upon a table a number of 
sheets of cloth, to represent the differimt strata Avith 
Avhich Ave are dealing. The cloths, like the sti-ata, 
lie there horizontally. But if we push them uj) 
anywhere, they will be found to slope away from 
the elcA^ated to the unmoved ])ai‘t. Put a flat tray, 
for instance, underneath them, so as to raise a con- 
siderable siu’face. Over* the flat surface of the tray 
the cloths are flat, as they are in our i*aised beacli, 
l)ut from that upraised area they slope I’apidly along 
the edges of the ti'ay down to the undisturbed parts 
around. In like manner, a local elcA^ation of land, 
even though it may raise up strata over a AAude 
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district without disturbing their flatness, must yet 
give rise to an inclination of the strata round the 
outskirts of the uplifted region. 

207. Whele^er, therefore, strata are pushed up 
or let down more at one place than at another, 
without being actually broken across, they must he 
thrown into an inclined position. Now this unequal 
and irregular kind of movement has taken place 
many times in e\ ery quarter of the glob(‘. Stratified 
rocks arc seldom quite flat — usually they ai'e inclined, 
sometimes gently, sometimes steeply, so that they 
have not only been uphea\ed out of the sea, but 
have been moved iiTegularly and unecpially. 

208. In the quarry described in Art. 104 the 
strata were horizontal. But in many (piarries they 
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may be seen to be inclined as in Fig 30, where the 
right-hand portion has been uplifted (or the left- 
hand parts have gone down) more than the others. 
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we boe at once that they ne\er could have beeft 
placed on end oiiginally, but have been tilted into 
this position bv underground changes 
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209 But this IS not all If when the cloths aie 
lying fiat on the table (Ait 200) ^^e squeeze them 
fiom cither end, they will be thiowii into ciumplings 
(Fic; 41) So, likewise, dining the mo\cments b} 
A\hich the stiata of the caiths ciust ha\c licen 
raised up, a gicat deal of lock crumpling has taken 



1 4 - \ iev\ >rtontcrtc<l stnta 


place 111 Fig 42, foi instance sheets of hird 
limestone aic shown to liave been twisted and 
folded, IS if the} hid been meie li}eis of cloth 
How enonnous must hue been the picssuie to 
which such solid, lesisting loeks weie exposed befoie 
they weie squeezed into thi.se shapes ’ 

210 One obvious diftorcuee lietween the cloths 
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nnd the strata is that the one are soft and pliable, 
and the others hard and rigid. But oA^eii the most 
unyielding rocks may ])c bent a little, and if this 
can be done, (‘ven with the comparatively feeble 
force and short time which man can employ, we may 
perceive how, under enormous pressure in the depths 
of the earth, j)rolonged during many centuries, rocks 
should have been crumpled up like mere jdiable 
layers of cloth. 

211. Still there must l)e a point beyond which 
rocks will T*ather break than bend. Cracks will 
then be formed, and the strata will be thrust up or 
pushed down. One of these cracks, oi* faults, as 
they are called, appears at /, in Fig. 37, where the 
coal-seams and the strata between them have been 
In’oken across — those on one side of the fractui’e 
being now found at a lower level than those on the 
other. Dislocations of tliis kind are of such frequent 
occurrence that the whole surface of the earth may 
b(i looked upon as a network of ci*acks. They 
gi*eatly interfere witli th<‘ working of coal-mines. 
In the section represented in Fig. 37, the galleries 
which are driven along the coal-seam, from the })il 
towards the left-hand, will need to be altei*ed wheic 
th(* coal is cut off by the dislocation /, and shifted to 
a highei* level on the fai-ther side. 

212. Tt has often happened that, into the cracks 
thus formed, masses of Igneous Rocks, while in a 
molten or soft condition, have been forced up from 
the interior, so as to cut across the other rocks. In 
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the section in Fig 43, for example, two such dislo- 
cations have occuried in a series of stratified rocks, 
so that three diffeicnt groups. A, B, and C, have 
been displaced Into one of these cracks, on the 
left side of the diagram, a mass of Igneous Kock (T) 
has forced its wav for some distance. But in the 
other, that to the right hand, «r much larger body of 
melted rock has risen so as completely to separate 
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the stratified rocks B and «iTid not only so, but to 
break thiougli the group B, ascending even to what 
is now the surface of the earth 

IV The Origin of Mountains 

2 1 It is eoraniori to speak of the “ eternal 
hills,’' as if thev had existed from the verv beginning 
of the world’s history. And certainly few objects 
upon the surface of the globe convey to the mind 
such an impression of vast antiquity. As far back 
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as history or tradition can go, the mountains have 
remained without sensible change. And thus, be- 
cause they have always appeared to man to be what 
they still are, he is a])t to think of them as parts 
of the original architecture of the planet. 

214. Yet from what has been learned in some of 
the foregoing Lessons, we may now be prepared to 
find that, old as the mountains undoubtedly are, 
they do not belong to the beginning of things. It 
is still possible to trace out their origin, and to get 
back to the records of earlier tinu^s, befoi’e they 
existed at all. The chronicles of this ancient history 
are contained in the i*ocks of which the mountains 
consist. e have already learnt how I’ocks can be 
made to tell their story. It is oiily a continuation 
of the same kind of reasoning, to inquire what they 
have to say regarding the Inrth of mountains. 

2 1 5. First of all, then, when any chain of moun- 
tains is examined, it is found to be made of rocks 
belonging to one or more of the thn^e great classes 
already described. In paiticular, the main mass of 
most mountain-chains consists of ^arious kinds of 
stT-atified rocks — such as sandstones, conglomerates, 
limestones, and others. Now we have found (Art. 
75) that these rocks have ])een laid down under 
water, most of them under the sea. They often 
contain the remains of shells, corals, sea-urchins, or^ 
other marijie ci-eatures, and these remains may be 
taken out of rocks even at the summits of mountains 
(Art. 145). No clearer proof could be required to 
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show that mountains are not so old as “ the beginning 
of things,” for those fossils prove that where moun- 
tains now stand the sea once rolled. 

216. Agaii], mountains which ctmsist of rocks 
formed originally under the sea must owe their 
existence to some force that could raise u]) the bed 
of the sea ijito high land. That force has been 
already (Arts. 169-172) alluded to. As a con- 
sequence of slow cooling, the outer crust of our 
planet, under the enormous strain of contraction, 
has been forced uj) into ridges in ditlereTit places, 
with wide, sunk s])aces between. The ridges form 
mountain-chains, 'while the deeper sunk spaces are 
filled with the waters of the ocean. On a map of 
the world we may ti’ace out the principal lines of 
elevation, as they are called, over the globe. Per- 
haps the most remarkable of all the folds or pucker- 
ings into which the surface of the earth has been 
ridged uj) is the long ])and of mountains which 
runs down the Avhole of the continent of America. 
The various ridges of the Kocky Mountains, Central 
America, and the Cordilleras and Andes, are pro- 
longed in one vast complicjited line of elevatioii. 
Other minor foldings are seen on the same continent, 
as, for instance, the chain of the Alleghanies, in the 
eastern part of the United States. In Europe, a 
line of elevation stretches across the continent, and 
throws ofi* spin's in its course. It is seen in the 
Pyrenees, then in the Alps, whence, after sending 
southwards the ridges of the Apennines, it is carried 
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eastward by tlie chain of the (‘arpathians, and then 
hy the Caucasus to the Caspian Sea. The same 
hand, however, reappears beyond the other side of 
that inland sea, and crosses the vast continent of 
Asia in two divergent branches ; one of which 
turns south-eastward, to form the gi'and Himalaya, 
while the other trends eastward across the gi’cat 
Asiatic table-land to the shores of the Pacific Ocean. 
When these enormous mountain-chains are rc'garded 
as the results of the cooling and contraction of the 
mass of the globe, we feel how enormous must b(‘ 
the force which could crumple up solid rock into 
ridges many thousands of miles long and thousands 
of feet high. 

217. But as the globe has been cooling and con- 
tracting from a very early })eriod of its history, wo 
may reasonably expect to find that mountains have 
been uplifted at various times, and, therefore, that 
they difier from each other in age. A little attention 
to their rocks is enough to show, not only that 
mountains are not all of the same age, but that 
even the same mountain has not been formed entirely 
at one time, but that one part has been raised up 
long before another. 

2 IS. Suppose, for example, that a series of 
ordinary sedimentary rocks, such as the sandstones, 
conglomerates, and shales, described in earlier Lessons, 
has been laid down upon the s(}a- bottom. These 
rocks would be formed one above another in flat 
beds (Fig. 44), until they had accumulated into a 
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mass perhaps many thousands of feet in thickness, 
which might remain undisturbed for a long time. 
Let us further suppose, however, that they happen 
to lie on one of those weaker parts of the ciust 
which, when llie accumulated ellects of llu‘ long- 
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continued contraction of the earth’s mass begin to 
make themselves felt, are pushed outward or upward 
by the lateral thrust of the subsiding spaces on either 
side. S<pieezed together by the pressure of these 
sinking areas, the formerly horizontal rocks will 
be crumpled up into folds (like our cloths in Fig. 4-1 ), 
and be made to rise above the level of the surround- 
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ing tracts (Fig. th), A ridge or mountain -chain 
will thus arise ujion the surface of the earth. * 
t !il9. Such a ridge or chain formed out of Sedi 
mentary blocks (a), once horizontal hut now contorted, 
could not rise up into the atmosphere without 
becoming a prey to the various forces which are 
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ceaselessly at work in wearing down the surface ot 
the globe (Physical (Geography I'rinier, Arts. 133- 
147). What are called the agents of (lenmlahoii, that 
is to say, air, rain, springs, rivers, frosts, and the 
waves of the sea, would attiick the newly -formed 
mountain, and begin to waste its surface as soon as 
it raised its head al>ove the le\el of tlio ocean. 
Deep furrows would thus in time be carved out of 
its sides. Hundreds or even thousands of feet of 
solid stone might be removed from its general sur 
face, and all its decayed fragments would be washed 
down to the lower grounds and thence into the sea. 
There these materials w^ould form new deposits, 
which w’ould be laid down U})on tlie edges of the 
older rocks, as the lunvei series B in Fig. 45 is seen 
to lie upon the older A. 

220. Now such a section as this (Fig. 15) would 
enable us to fix, relatively at least, the date of th(' 
mountain. We can assert positively that (1) there 
w^as a time when the mountain did not exist, but 
W'hen its place w^as occupied by a sea in wdiich the 
sedimentary rocks A Avere deposited ; (2) that the 
mountain was formed by the crum])ling up of these 
rocks; (3) that after its uprise, its sui*face, during a 
prolonged series of ages, was enormously woin downi 
by the agents of denudation ; (4) that out of the 
detritus thus caused, a new series of sedimentan 
deposits (b) was formed which spread out horizontally 
above and around the upturned edges of the older 
rocks (a) ; and (5) that after the formation of the 
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younger strata, the whole mass was furthei* uplifted, 
so as to raise these strata out of water into dry land. 

221. But suppose that some other part of the 
ehaiii should show such an arrangement of rocks 
as that represented in Fig. 46. Here, as before, 
we see that series A was upturned l)efore series p> 
could be laid down on it. But in the present case, 
series has also been tilted up out of its original 
horizontal position, and was extensively worn down 
before a third aeries of sedimentary formations 
(’ WHS deposited on its upturned and denuded ends. 
Such a mountain w^ouhl indicate tliree successive 
])eriods of upheaval, the first older than the time 
of Pi, the second oldei* than the time of c, wdiile 
the third came after the formation of for it raised 
that series of strata into land. 

222. It is in this kind of way that the relative 
ages of mountain-chains arc determined. In the 
two cases here represented by diagrams, it is olivious 
that the mountain of w^hich tlie structui'c is giveii 
in Fig. 45 must be older than that in Fig. 46. 
In the one case, the uplift took place before the 
fonnation B was deposited, in the other it happened 
after that formation had been in its turn upraised. 
Wherever sedimentary rocks are found to stand on 
end or to be crum])led, we know that they have 
been disturbed, and wherever disturbed rocks have 
their broken edges covered by others, we see that 
the time of the uplift must have ]>een intermediate 
between the formation of the two sets of rocks. 
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223. If now any means can l)e devised for re- 
cognising the same series of rocks in different 
countries : if, fur example, we could l)e sure that 
the groups A and B of Figs. 45 and 46 occurred 
both in England and Germany, we should be able 
to compare the relative ages of the mountains of 
the two countries. If in the one country a mountain 
shows the structure represented in Fig. 46, and if 
in the other country a mountain formed of the 
same scries of rocks is built up as represented in 
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Fig. 45, we would infer that the former mountain 
was newer than, or, rather, had received a push 
upward after, the latter. 

224. In the next Lesson, it will be shown how 
geologists identify the same series of rocks in 
different countries — viz. by Fossils. This kind of 
evidence enabh's us to decide which are the oldest 
and which the newest mountain-chains. It proves, 
for instance, that the giant Alps, towering so far 
above the plains of Europe, are less ancient than 
many a hill in AVales and Scotland. 

225. But another singular and important fact 
about mountains is made plain by such sections as 
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those in Figs. 45 and 46. The series of rocks 
marked A is in each ease the oldest part of the 
mountain. W(‘ might naturally suppose that the 
oldest ought to lie buried deep under the later 
portions ; and yet, on examination, it is found 
that the most ancient parts are not always those 
which lie at the lowest level, but that, as in the 
two cases we have supposed, they may have been 
pushed up through the younger rocks, so as now 
actually to form the loftiest peaks and ridges. But 
if we explore the flanks of the mountain we And 
that the older rocks of the centre do really pass 
under the newer ones, as in the drawings series a 
passes under B. 

226. The crumbling down of the surface of the 
earth is so constant and so widespread, that in 
process of time every mountain -chain undergoes 
great and manifold changes. Its summits and sides 
are wasted and lowered. Its crests are splintered 
into peak and pinnacle, as the rains and frosts of 
ages do their work upon them. Crag and cliff are 
carved out of its sides ; ravine and gorge, wider 
glen and still wider valley, are excavated in its 
rocks by the never-ending flow of rill and river. 
Hence, though the original line of elevation remains, 
the uphoaved tract is cut into innumerable ridges 
and valleys as the ceaseless waste goes on. 

227. So enormous have been the effects of this 
slow but continuous destruction over the surface of 
the earth, that great table-lands or broad masses of 
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high Und have been cut down into mere ridges and 
detached hills. In Fig. 47, representing a scene on 
the table-land of Spain, we may, as it were, watch 
how the excavation advances We may observe 
how the streams, as they descend and become larger 
in size, dig wider and deepoi trenches out of the 
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rocks, how their ravines broaden into valleys, how 
the high ground between them is trenched into 
irregular ridges, and how these ridges, still further 
cut into separate hills or mounds, lose height as the 
rains and frosts attack their summits and sides. 
In every quarter of the globe illustrations of these 
changes may be found. In Britain, for example, 
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the mountains are only fragments, like those in the 
drawing, which have been left after the excavation 
of the valleys that surround them. The i)icturesque 
sandstone columns and ravines of Saxony, the great 
Ghauts of India, the Tal)lo Mountain and the in- 
numerable “kops” and ‘‘kopjes” of Southern Africa, 
the canons and buttes of AVestern America, are like- 
wise conspicuous instances of the same kind of 
origin. 

2*28. The forces which have carved out valleys, 
leaving mountain-ridges standing up between them, 
are still busy at their work. Every year adds to 
the waste. And thus, although, when we gaze at 
a mountain-chain, wo know that first of all it was 
heaved up by movements from below, we never- 
theless learn to recognise that all the familiar forms 
which it now assumes have, since that early time 
of upheaval, been carved upon it ])y the very same 
agents — rains, frosts, springs, glaciers, and the rest 
— which are busy sculpturing its surface still. 

V. How the Rocks of the Crust tell the 
History of the Earth. 

229. AA^hen a historian betakes himself to write 
the history of his country, his first care is to make 
himself acquainted with all the scattered documents 
likely to throw light upon the transactions which 
he will have to describe. He ransacks the papers 
in the public archives and libraries, gleans what 
he can from printed books, studies ancient monu- 
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merits, and even, it may be, travels into foreign 
countries in search of contemporary writings which 
may explain what is dark or uncertain at home. 
Only after prolonged labour of this kind is ho able 
to gather up the sum of all he has learnt and to 
weave it into a continuous narrative. In the course 
of his researches he will no doubt find certain 
periods much better illustrated by contemporary 
documents than others, while of some he may 
j) 0 ssibly be hardly able to collect any satisfactory 
information, either because there never existed any 
written records of th(*m, or because in the course 
of time the papers ivhich would have supplied him 
with the facts are lost or destroyed. Hence his 
history is not all equally full and reliable. There 
may even be ga})s in it, which no amount of industry 
in his search for information will enable him to 
fill up. 

230. Now what is thus true of the historian of 
any country is true also of the geologist. As already 
pointed out (Art. 39), and as must now be clear 
from all that has been brought forward in the 
foregoing Lessons, the earth has fi history, as well 
as the people who dwell upon its surface. A geologist 
may be called a historian of the eai th. His great 
aim is to collect all the evidence w^hich remains of 
the changes that have happened upon the earth’s 
surface, and to arrange it in the order in which 
the events have occurred, so as to show the grand 
march of geological history down to the present time. 
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231. What papers and inscriptions, monuments, 
coins and books, are to the historian, the rocks of 
the earth’s crust are to the geologist. They contain 
nearly all the (jvidence at his disposal. What he 
can gather from them at one place must be compared 
with what he collects from them at another. He 
must journey far and wide in search of facts which 
are not to be found at his own door. Gaps will 
certainly occur, which even the skill and industry 
of many years may never completely bridge over ; 
for the rocks, as we have already seen, are subject 
to revolutions quite as destructive in their way as 
those which have swept away the archives of cities 
and nations. The geologist, therefore, can only at 
the best j)rodu(*e an imperfect chronicle. But it 
is one which has a profound intei*est for all of us, 
seeing that it is the story of our own globe — of its 
continents and oceans, its mountains and valleys, its 
rivers and lakes, of the tribes of plants and animals 
which people its surface, and of the advent and 
progress of man himself. 

232. ] Regarding the carlii‘st stages of the earth’s 
history no direct evidence is now to be obtained from 
the rocks. But from the researches that ha\'e been 
carried on regarding the constitution of th(‘ sun and 
stai’s, it has been inferred that the sun and the eai th, 
together with all the other heavenly bodies, embraced 
in what is chilled the Solar System, formed one vast 
nebula or cloudy mass of matter, and that the earth 
and the other planets which revolve round the sun 
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have, one after another, been detached from the 
nebula, of which the sun is now the remaining central 
mass. AY hen the earth <j[uitted its j)arent sun and 
became an independent planet, it must have been a 
fiercely hot mass, as the sun is still. Not until long 
after that period could any such rocks as we now sec 
have been formed. So that although the rocks carry 
us a vast way back into the past, they cannot bring 
us to the beginning of the earth’s histoiy as a separate 
planet. The changes of that early time must be 
mainly inferi'cd from astronomical evidence, com- 
bined with a study of the structure of the earth 
itself. 

233. The foregoing pages have been written to 
show how the various kinds of rocks may each be 
made to give up its little bit of eni*th-history. We 
succeeded in discover’ ng, for examjjle, fi om the rocks 
of a single quarry, the sit(‘ of an old sea-floor with 
some of the remains f)f the sea-creal iires which lived 
upon it (Arts. 113-116). Again, we found how a 
peat-moss might enable us to trace out the limits 
of a long-vanished lake on which our forefathers 
launched their oak canoes (Arts. 129-137); and how 
the rocks of a coal-pit could furnish forth n record 
of forest after forest which had each flourished green 
and fair at the siu’face, but which had sunk down one 
aftei* the other, and were now buried deep within the 
earth. (Arts. 198-202.) 

234. In these and all such illustrations, while 
each series of rocks tells its own story, that story 
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is only a pai*t of the general history of the earth. 
The more carefully M^e can gather the details for each 
separate narrative, the fuller will be that general 
chronicle of the earth’s history which it is the object 
of geology to compile. 

235. Acco7‘ding to the law of superposition (Art. 
107) the undermost stratified rocks are the oldest. 
We can reach ])ut a little way down into the earth. 
The deepest mines or borings descend only a few 
thousand feet below the surface. If, therefore, these 
rocks still lay flat as they were deposited, we should 
be able to make ourselves accpiainted only with those 
near the surface. But in consequence of the ^vliy in 
which the rocks have been bent, broken, and up- 
heaved (Arts. 204-212, 213-225), we not only see 
the topmost parts of the series, l)ut even some of the 
oldest masses. Instead of lying flat, the rocks are 
very commonly found to slope into the earth more 
or less steeply, and we can walk over their upturned 
edges, like the backs of so many rows of books. 
(See Figs. 38 and 39.) So fai*, therefore, from the 
bottom rocks being still bui-ied under the thousands 
of feet of solid rock beneath which they once lay, 
they are often found rising into the summits of lofty 
mountain-ranges (Art. 225). The geologist, conse- 
quently, docs not need to sink deep bores and pits to 
find out the order of the rocks under his feet. By 
making careful sections from what can be observed 
at the surface (as in Figs. 45 and 4G), he can usually 
determine that order with certainty, and when lie 
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has done so, he knows Avhich are the oldest parts 
of his chronicle, and which are the newest. 

236. The crust of the earth, so far at least as we 
can examine it, is chiefly made up of Sedimentary and 
Organically -derived Kocks. In these rocks, there- 
fore, must the chief sources of evidence for the 
history of the eai’th be sought. If we could pile 
them up, one above another, in the order of their 
formation, they would form a mass probably more 
than a dozen miles thick. This, then, is the lilmary 
out of which geological history must be compiled. 

237. Besides the order of superposition, the 
geologist has another clue to the relative age of 
rocks. By comparing the different series of rocks 
with each other, he has discovered that the fossil 
plant and animal remains of one series diffei* from 
those of another. For example, to turn again to 
Fig. 46, it is ascertained that if fossils occur in the 
set of rocks marked A, they Avill be found to differ 
from those in the series B, and these again from 
those in c. If, starting fi-om the plants and animals 
of to-day, we go back into older and yet older rocks, 
we learn that the fossil plants and animals become, 
on the whole, more and more unlike those which 
are still living. Each great division of rocks is 
found to have its own characteristic fossils. So that, 
over and above the test by Order of Superposition^ 
we can discriminate between these divisions by 
means of Fossils. 

238. By these methods of elassiff cation, the vast 
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complex mass of Stratified Kocks may be gi’ouped 
into a few gniat divisions, these into sub-divisions, 
these again into minor compartments, and these into 
still smaller zones or Ijands, so that when a bed of 
i-ock is found it can be i*eferred to its own particular 
part of th(* whole vast series. This method of 
arrangement is necessary for tlie sake of clearness, 
very much in the same way that a work on history 
requires to be divided into volumes, these into 
separate books, thcise again into chapters, and these 
into pages and lines. 

239. Making use of every kind of evidence which 
th(* rocks aftbi’d, the geologist endeavours to weave 
together liis narrative of the history of the earth. 
He shows how land and sea have often changed 
places, how, time after time, volcanoes have broken 
out in all quarters of the globe, liow continents have 
been gradually built up, how mountain-chains have 
been successively foi*med, how valleys, ravines, and 
lakes, have been excavated, how climates have slowly 
changed from tropic heat to arctic cold. Amid all 
these revolutions of the solid (‘arth itself, he finds 
that there have l^een, at the same time, vast changes 
in the plants and animals which have peopled its 
surface. lie can trace how life, beginning in the 
remotest past with the simplest organisms, has 
/idvanced through long ages, in more and more 
highly organised forms (Art. 117), up to the present 
time. He can mark liow group after group of shells, 
or fishes, or reptiles, has come into existence, and, 
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after living for protracted periotls, has died out to 
make way for newer tribes, until towards the close 
of the history Man has appeared upon the scene. 

240. Geological histoiy brings before us, in this 
way, many facts well calculated to impress our 
minds with the gi*eat anticpiity of our planet, and 
with the marvellous chain of changes by which the 
present ordei* of things has been brought about. 
We learn from it that mountains and valleys have 
not come suddenly into existence, such as we now 
see them, but have been formed gradually, by a 
long series of processes similar to those which are 
even now slowly doing the same work. We discover 
that every part of the laTid under our feet can yield 
us up its story, if we only know how to question it. 
And, strangest of all, we find that the races of 
]dants and animals wliich now tenant land and sea, 
are not th(* first or original races, but that they 
were pi’eceded by others, and these again by others 
still more remote. We see that there has been upon 
the earth a history of living things, as well as of 
dead matter. At the beginning of that wonderful 
history we det(‘ct (races merely of lowly forms, like 
the foramiiiifera of the Atlantic ooze. At the end 
we are brought face to face with Man — thinking, 
working, restless Man, battling steadily Avith the 
powers of Nature, and overcoming them one by one, 
by learning how to obey the laws which direct them. 
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. CONCLUSION. 

241. The writer of this little book began to learn 
his geological lessons when he was still a schoolboy ; 
but it was not from books that he learnt them. The 
mere accident of finding some fossils during a half- 
holiday excursion turned his thoughts towards such 
subjects, which soon became the chief employment 
of his leisure. lie can look back upon these country 
I'ambles in search of fossils and rocks, not only as 
among the happiest hours of his life, but as having 
been of the utmost importance to him ever since. 
It is from his own deep experience, therefore, that 
he would in conclusion address a few words dii’cctly 
to his young readers who have the race of life before 
them, and whose progress in that race may be happy 
or unfortunate according to the habits of thought 
with which they start. 

242. The main object of these lessons has been, 
not so much to teach dry facts, as to show how you 
may use youi* eyes in o])serving nature, and your 
judgment in dealing with your observations. Geo- 
logy is so vast a subject that only a mere sketch of 
some parts of it could be given here, and those parts 
have been chosen which seemed to offer the greatest 
opportunity for enabling you to test the written 
lessons by a direct appeal to what may be seen every 
day around you. 

243. It is not the design of these chapters to 
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enter further into the history of the Efirth. They 
have led you to the threshold whence you can see 
the kind of interest in store beyond. You have now 
learnt something of the general principles upon 
which the history is based. Looked at in the light 
of geological teaching, the very stones of the street 
and the pebbles of the shore ha\e each a meaning. 
If you have caught the spirit which these pages 
have tried to raise, you will no longer be content 
to gather minerals and rocks, as schoolboys usually 
do, merely because they are pretty objects to look 
at. Apart from their beauty you will seek to learn 
what they are, and what story they have to tell 
about the history of the land. 

244. A landscape will lose none of its beauty in 
your eyes, though you impure how the rocks of its 
hills were formed, how ridge and valley came into 
existence, why a crag should rise in one part and a 
wide plain stretch away for miles in another. When 
you stand by the brink of a foaming river, there 
will be no lessening of your pleasure in its rush and 
roar, if you think of the river as one of nature’s most 
powerful engines, busy day and night in digging out 
its channel in the rocks, and carrying the waste of 
the mountains down to the plains and to the depths 
of the ocean. The shores of the sea will wear a new 
charm, when you trace, along their cliffs and caves, 
the progress of decay, and on their beaches of sand^ 
and shingle, the counterpart of those sedimentary 
deposits out of which whole mountains are built up. 
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245. Every quarry, ravine, and beach, where the 
naked rock comes to view, offers an attraction. Per- 
chance you may there find the remains of some lost 
forms of plants which once bloomed giecn and 
luxuriant upon the land, or of long extinct tribes 
of animals which once tenanted the sea. These 
fossils will become, in your hands, not mere things 
to wonder at. You will try to learn, from friend or 
book, what they resemble most in the present living 
world. And you will not rest contented until you 
have done all that you can to understand whether 
and in what way they reveal the former condition 
of the district in which you find them. 

246. Geology will thus be no mere task to be 
conned from books, but a delightful companion in 
every walk and ramble. You may not become 
geologists, but you will never regret the time you 
have spent in trying to master the principles on 
which geological science is based, and to trace out, 
under their guidance, the marvellous History of the 
Earth. 
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INTRODUCTION. 

1. Mention some of the most familiar kinds of Stone and tlio 
Uses to which they are applied. 

2. What are Brick and Mortar made of ^ 

3. How is Iron obtained ^ 

4. What is meant by “ Mineral Substances ” ? 

5. Whence arc Limestone, Slate, Marble, and Coal obtained 

6. Under what kind of covering do the Rocks of a country 
for the most part lie ’ 

7. Wliat is the general character of the surface of Britain 
along a line drawn from Liverpool to Harwich 

8. What is the general character of the surface of Britain 
along a line drawn from Skye to Monti ose ' 

9. Explain why this dilFerence of character should exist in 
two parts of the same country. 

STONES OR ROCKS-THEIR VARIOUS KINDS, p. 8. 

1. What use is made of Rocks in Geology > 

2 . What is meant by a Principle of Classification ^ 

3. Sliow why mere colour, or hardness and softness, would 
not bo sufficient as a J’linciple of Classification of Stones. 

4. Dcsciibe the characters of a piece of Sandstone. 

5. From these characters how' wmuld you define a Sandstone ? 

6. Describe in the same w^ay the characters of a piece of 
Granite. 

7. Give a definition of Granite from tliese characters. 

8. Describe the characters of a ]nece of Chalk, and explain 
how the examination of the specimen should be carried on. 

9. Give a short definition of Chalk from these characters. 
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WHAT STONES HAVE TO TELL US, p. 18 . 

1. What is the use of Classitication iii Scieuce ' 

2. Ill what sense is the word “ Rock ” used in Geology > 
Give examples of different kinds of Rocks. 

8. Arc the vai ions kinds of Rock scattered at random over 
the surface of a country ^ Illustrate this answer by reference 
to the stones which underlie the soil of Britain. 

4. What kind of history is made known to us liy Rocks ^ 
Give illustrations from the Rocks of Britain. 

5. What is the subject of the Science of Geology ^ 

SEDIMENTARY ROCKS. 

1. What Sediment is, p. 24. 

1. Into what groups may the different kinds of Rocks be 
divided ? 

2. What is Sediment ' Show’ how th(‘ answer may be 
practically illustrated. 

3. What are Sedimentaiy Rocks ^ 

4. Describe a piece of Conglomerate, and show out of what 
materials it lias been formed. 

5. Of w'hat mateiials does Sand.stone consist 

6. What is the composition of Shale ^ 

7. What two (juestions about their origin do Sedimentary 
Rocks suggest to us 

II. How Grayel, Sand, and Mud are made, p. 29. 

1. What question is it w’ell to put to ourselves when w’c try 
to find out the history of any kind of Rock ^ 

2. What is the difference betw’cen Gravel and Sand, and how 
may this be shown ? 

3. Describe the origin of the Rubbish which covers the slopes 
*of Mountains and high Hills. 

4. The component fragments of this rubbish are usually 
sharp -edged, but become more and more rounded as they 
descend the neighbouring streams. Explain this change. 
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5. What cfi'ect has the Transport of tlie stones and sand 
upon tlic rooky beds of the streams ^ 

fh Wliy does tine Mud travel farther down a stream than 
coarse Gravel ? 

7. In what form is the debris of the Mountains strewn over 
the riains { 

S. On a rocky sea-eoast what is tlie <litference between the 
surface of the rocks of the Clilfs and those of the Bea»‘h ' 
Explain the cause of tliis <lifterence. 

b. What l)eeoin(‘s of tJie Fragments wldeh fall from the f.iet- 
of a S(‘a-elifr ^ 

10. What is the oi'igin of Gravel and Sand ! 

11. Explain the origin of Water- worn surfaces of stone. 

III. How Grayel, Sand, and Mud become Sedimentary 
Rocks, p. 39. 

1. What mainly determines tin* Transporting Power of a 
Stream 

2. What is the relation hetween the Kat(* of Motion of a 
Sti'eani and the Deposit of Sediment at the hottoni f)f the 
water '' 

‘4. In wlial Order are the dilferent sizes of Scdinnuit de- 
])osited ' 

4. Wliat would you inter from lu-ds of Gravel, ol Sami, and 
i)f M\id, .IS to the Rate of Movement of the w’ater in which 
each of these deposits is laid dow'ii ' 

5. Ilow' would you apply your knowledgi* of the origin of 
(travel and Mu<l to the history of rocks like Conglomerate and 
Sliale f 

(). Where and in what way aie Sedimentary imiteiials 
.irranged by rain n]>on a i*oadway ^ 

7. How is the S(‘diment disposed of by tin* Rhone at the 
Lake of (teiieva ' How can this he piove«l ' 

S. Wh.it becomes ol the S.ind and JMud brought dow'ii l)y a 
1 1 ver to the sea ' 

9. Dotine the teims Str(ffijicali(tn and Sindijiu/ JiutLs. 

3 0. Why liavc Sedimentary Rocks usually bceoim* haider 
L 
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than they originally were { Ex]>lain the terms Pirnsun and 
JniUtrafion with refereiuM* to the liistory of those rocks. 

n. DefiiK' a ^Sedim(‘ntar^ Jhiek. 

IV. How the Remains of Plants and Animals come to be 
found in Sedimentary Rocks, p. 63. 

1. What are Organh- Kemains or Fossils ' 

2. (live some illustrations of the Burial of the remains of 
L'ind-jdants in modern Sedimentary <h*jiosits. 

3. Explain how Plants have heen ofhm iml>edded in Sand- 
stone and Shale. 

1. Explain the origin of the Remains of Marine Animals in 
many Shales and Limeslom's. 

V. A Quarry and its Lessons, p. 69. 

1. AVhat is usuallN the most obvious featin*e in a <^)uarry 
among Strati lied Rocks ' 

2. Whieli are the Oldest ol the dilferent P>eds in the tjuaiTN, 
and wh) ' 

3. What is meant by tin* term (hukr ol Sitpi rjjosifioi( 

4. Why is it im]»oi'tant to determine the Order of Supei- 
positioii ' 

5. What are Rij)ple-niark.s in jtKjks^ What light do they 
east on the history of the rocks among \\hieh they occur ' 

G. AVhat are Rain-print.s in rocks What e\idenee do they 
furnish as to the conditions under which the rocks weie fornii‘d 

7. How could you deterniine from the evidence ol Fo.ssils 
whether a rock had been formed in Fresh watei- or in the Sea ' 

8. Mention any fa(‘ts which .show the former s])read of the 
Sea over what is now Land. 

ORaANICALLY-DERIVED ROCKS, OR ROCKS FORMED 
OF THE REMAINS OF PLANTS AND ANIMALS. 

I. Rocks formed of the Remains of Plants, p. 66. 

1. Why are Orijanif Jtemn ins so called ' 

2. Brielly de.seribc the characters of a ])ieee of Coal. 
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.‘3. Desciibo the way in wliicli Coal occurs mnoiif' otluM* rooks. 

I. What is the nature of the Under-clay of a Coal-seam ' 

r>. How may the minulo Structure of Coal exaiuiiied ' 

6. What has becu the ori^^in of Coal ' 

7. Dcsciibe a Peat-moss or Eof(. 

8. What is Peat I and to Avhat use is it )»ut i 

b. Describe the successive Strata often to be seen at a Peat- 
moss, and show how they reveal the stages in its History. 

II. Rocks formed of the Remains of Animals, p. 78. 

1. What is the origin of the white Marl commonly found on 
tlu' bottom of fresh-water lakes ' What objects are occasion- 
ally found in it ^ 

2. What is the Ooze ot the Atlantic ))ed ' 

•b 111 wh.it respects does Chalk resemhlc the Atlantic Oo/c ^ 

t. Under what condition is Limestone now’ forming on the 
Sea-hottom ' 

r>. What is the origin of ancient Limestone (‘ontaining the 
remains of corals and shells ' 

6. Give from various parts of the world examples of hirg(‘ 
districts and whole mountains made up of Limestone formed of 
Animal Kemains. 

7. Give a summary of the geological (’lijugcs repiesented 
by Sedimentary and ()rgani<*ally-denved Koeks. 

, IGNEOUS ROCKS. 

I. What Igneous Rocks are, p. 86. 

1. In W’hat sense has the woid “Igneous'’ been nsejJ in 
(kology, and what is meant by Igneous Koeks ' 

‘J. Com])ared w’ifh Stratitied Ko(‘ks wdiat is the i('lati\e 
abiindanee of the Igneous series ' 

3. Describe generally the distribution ol Igneous Koc'ks in 
Britain, on the Continent of Europe and in North Aineiiea. 

4. Into what grou])S may the materials ejected by Volcanoes 
be divided ' 

5. IIow’ arc the rocks of these two groups broadly to be dis- 
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tinguishcd from oaeli otlior, and what iianips may coiiaefiucntly 
1)0 given to tliem 

6. Give a brief summary of the charaeters of Lava. 

7. In wliat form does Lava issue from a Volcano t Describe 
a moving J^ava-strcam. 

What is the origin of the little round holes so abundant 
in many solidified Lavas ? 

9. What is the origin of tlie columnar arrangmnent of some 
Lavas 

10. Give examples of the occurrence of Lava -rocks in 
different parts of tlie world. 

11. How may the former existence of activ(‘ Volcanoes be 
jiroved in districts where volcanic a(‘tion has for man}’ ages 
entirely ceased ? Illustrate tlie answer from the British 
Islands, from the Eurojiean Continent and from North 
America. 

12. How does Granite occur t 

IJI. What are the characters of a ]>ieee of Volcanic Tuir'' 

14. How has Volcanic Tuff been formed ' Give some 
examples of its occurrence. 


II. Where Igneous Bocks come from, p. 98. 

1. What evidence is furnished by deep Borc'S and Mines as 
to tlie Temperature of the Interior of the Earth 

2. What is the testimony of Hot Springs on this subject t 

3. What lesson do A^olcanoes teach as to the condition of 
the Earth’s Interior ? 

4. Briefly describe the distribution of Active Volcanoes over 
the surface of the globe. 

5. What are Dormant and Extinct Volcanoes ? 

6. How are Eartlupiakes related to this subject 't 

7. On what grounds may it be inferred that the Earth is 
less in size than it once was ? 

8. Whence lias the ]>resent high temperature of the Earth’s 
Interior probably been derived? Show how the cooling of a 
Lava-stream helps to make this clearer. 
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9. Wliat effect lias tho contraction of the Earth had u|ioii 
its surface " 


THE CBUST OF THE EARTH. 

I. Proofs that parts of the Crust have been pushed up, 

p. 106 . 

1. What is meant by the Eartli’s Crust ? 

2. Of what materials does tho Earth’s Crust consist ' 

3. By what kind of evidence could you show that the rocks 
of the Earth’s Crust are not now in their original position 

4. Describe a Raised Beacdi. 

f). Mention some causes that seriously affect the Sea-level. 

6. State the evidence from which it is inferred that Raised 
Beaches indicate unccjual uplift of Ihe Land rather than a 
fluctuation of the level of the Sea. 

7. Briefly describe the Raised Beaches .of Britain and 
Norway. 

8. In a series of .successive Raised Beaches, which aie olde.st, 
and why ''' 

9. What facts have been observed in Sweden regarding 
7'ecent Movements of the Earth’s Crust 

10. How could you show that the greater pait of the diy 
Land has been raised out of the sea, and that tho Upheaval 
has been very nnecpuil ’ 

II. Proofs that parts of the Crust have sunk down, p. 118 . 

1. I )eHcrib<* a Submerged Forest. 

2. What eonclusion is to be drawn from Submerged Forests 
as to Movements of the Earth’s Crust ? 

3. Why is it more difficult to find Proofs of Submergence 
than of Upheaval i 

4. What ficts about Submergence have been observed in 
Greenland ? 

(). How docs a series of Coal-seams jirove former Submerg- 
ence of the Land 

6. Mention the two conclusions as to tho movements of the 
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Kartli’s Crust wliicli must bo drawn from tlio ovidoacc ]jrouglit 
bofdi’o us in tlioso rjOsHons. 


III. Proofs that the Rocks of the Earth’s Crust have been 
tilted, crumpled, and broken, p. 124. 

1. l)(‘.si(les Upheaval ami Depression, mention some further 
(‘liangos which have been undergone by the i-ocks of the Earth’s 
Cinsl. 

2. Wliy ar(‘ rocks often found in highly inelim'd j)Ositions, 
and lio\v could you prove that these were not their original 
positions ' 

•). Are solid beds of rock evei folded and cruui[>lctl > 

4. What arc Faults * 

What uso of Faults has often been inad(‘ l)y Igneous 
Koek-s ' 


IV. The Origin of Mountains, p. 130. 

1. Of what materials are Momitain-ehains built up ' 

*2. 13v what ]jroofH can it be shown that many Mountains 
are not original ]>arts of the earth’s surface 

-‘5. What are Lines of Klevatioii, and liow have they been 
foi-med on the face of the globe ' 

1- Describe some I'xamples of such Lines. 

,5. Briefly state the nature of the evidem*e by whieh it can 
be sliowii that Mountain-ehaiiis dilfer from eaeh (»ther in age, 
and that the same mountain may have been U]»hpave(l at 
successive intervals. 

6. AVhy aic the lowe.st and oldest rocks often found to form 
tlu‘ higher central ridges of a Mountain-chain * 

7. What (jffects arc ]»roduced upon tlie external forms of 
Mountains, Table-lands, and Flaiiis rcsjiectively during the 
general waste of the surface of tlie land 'i 

8. What has been the origin of the Tnountaiiis and valleys 
of Bribiin ? 

9. Give some further examples of the results of the wasting 
of the surface of the land. 
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V. How the Bocks of the Crust tell the History of the 
Earth, p. 140. 

1. What ib (leological and Irom what kind of 

evidence is it compiled ^ 

2. Why is Geological History necesharily imperfect * 

3. What has probably been the origin and eaily condition 
of the Earth ? 

4. How does the geologist learn ^\hieb are llu* oldest and 
which the newest i)arts of his Chronicle f 

5. How thick is the mass ol Sedimentary and Organically 
formed hocks out of which Geological History is coin])ilcd ( 

6. How do Fossils aid the geologist in the study of the 
history of the Earth ? 

7. Give some account of what is meant by Geological 
History. 


LIST OF SPECIMENS to illustrate the GEOLOGY PRIMER. 


Sedimentary Bocks . s<t Prune 

1. Conglomerat(‘ 

2. Sandstone . . . . 

,S. Shale . ... 

1. Shale containing Plaiit-reinain.s i])oition 

Fern ) 

5. Shale containing Aniiiial -remains 


(if a Fossil 


j)f/i/e 2 1 


l.’> 

‘JS 


Organically-derived Bocks . (if> 

1. FojtMFI) OF PLANT-HKMAI^S . . . ()6 

t). Peat ......... 7-1 

7. Goal, showing stiatilied slrnetuK* . . ^>7 


II. Foumko (»h Animao-Kkmains 7s 

s. Fresh-water Shell -mai 1 . . . . . 7S 

1). Ooze from bottom of Atlantie prejiared lor tlie 

microseope .... . ^0 
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10. Chalk with Shell in it 82 

11. Grains of Chalk prepared lor raicroscoj)*' .17 

12. Limestone containing Eucrinites, etc. . . 83 

Fossils 53 


13. 


14. 


I. i’LANT.s. 


Stigmaria, or Sigillaria 
Lepidodendroii 


Plants out of which j 
coal has been partly !- 
formed. j 


S(‘< aha Xos. 4, G, <tnd 7. 


72 


II. Ammal.s. 


15. 

16. 


17. 


Cup Coral 
Piece of Eiicrinite 
stem 

A Brachiopod 
(marine shell) . 


Animals of which the re- 
mains sometimes form thick 
masses of limestone. 


See (tUo Nofi. 5, 8, 9, 10, 11, and 12. 


64 


Igneous Bocks ... . . 86 

18. Granite . .... 15 

20 Quartz Crystal I found in Granite . 15 

21. Lava sliowing crystals and .steam holes . . 89 

22. Volcanic Tulf . . ... 97 


A siiiall box containing the collection, price 10s. 6d., may be 
obtained from F. H. Bittleu, 158 Broinpton Road, London, 
S.W. ; J. R. Guegoiiy k Co., 1 Kelso Place, Kensington, 
London, W. ; or from Messrs. Macmillan. 


Printed />y E. X. R. C'iakk, Limiipd, J\(/i*U>Kri;h 






